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The non-technical monthly for the enthusiast 


* 

Exciting exclusive articles on past and present 
aircraft 

* 


Superb photographs — scores of them in each 
issue — keep you up to the minute on new 
developments 


* 


Large scale drawings provide information on 
world’s aircraft 


At your bookseller or 


newsagent /6d 


* 


Or send £1.2.6d for a year's subscription to Dept. A.S., AIR 
PICTORIAL, ROLLS HOUSE, BREAMS BUILDINGS, LONDON, EC 4 


if you would like a FREE COPY fill in the form 


1/6d monthly os 


AIR PICTORIAL 


2 BREAMS BUILDINGS LONDON EC4 


DON’T MISS 

ease send me a specimen copy of AIR 
THE FARNBOROUGH AIR SHOW PICTORIAL for which | enclose 6d in stamps 
NUMBERS ! for postage and packing 


The September issue will contain a cerrens ruease 
Pull-out Supplement giving a complete 
Farnborough Preview, and the October 
number will also be enlarged to include 
a full report 


NAME ... isd 


ADDRESS . 


and every month)’s 
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prizewinner in 1909 ~~ 


In 1909 Elektron Magnesium Alloys 
were introduced to the world at an 
international exhibition in Germany and 
were awarded the First Prize in a 


competition for light metals. 


still the world’s lightest 
structural metal in 1959 


The past 50 years have more than justified this initial success of Elektron. 
Today the latest Elektron alloys, developed by MEL to meet the exacting 
requirements of industries as diverse as aircraft and textiles, motor transport and 
nuclear engineering, are still the finest magnesium alloys available anywhere in 


the world. 


In this Golden Jubilee year of Elektron, MEL are proud of the part they have 
played in pioneering the use of magnesium in Great Britain. As sole producers 

of the metal, with unique research, development, prototype and fabrication 
facilities, MEL enterprise and technological skill will continue to make available 


to all industries the advantages of magnesium—the world’s lightest structural metal. 


Magnesium Electron Ltd. 


Clifton Junction, Manchester 
London Office: 5 Charles II Street, St. James's, SW1 
Magnesium Elektron, Inc., New York 20, USA 
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Nowadays changes in strategical concept, the type mous cost are found to be no longer required. 
of defence required, and the very nature and | Defences need re-siting. The exact location of 
direction of any hostile threat, occur with bewild- | static sites becomes common-knowledge. Forma- ee 
ering rapidity. Deployments undertaken at enor- | tions and units in the field need defending. 2 


TO ALL THESE PROBLEMS, THE ANSWER IS 


THE ENGLISH ELECTRIC THUNDERBIRD 


The ENGLISH ELEctrRIc ‘Thunderbird’, now in production, is a completely mobile ground-to-air € 
weapon system. Its mobility provides the flexibility which is becoming of ever increasing importance AD 
in future air defence .... AND THE ECONOMY AS WELL. - 


A MEMBER OF THE ENGLISH ELECTRIC AVIATION GROUP mr 
Gwiia 
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For Superlative Accuracy... . 


Cross British made products are manu- 
factured by an outstanding process used 
for the hardening and tempering of steel 
coils and rings. Covered by many patents, 
this manufacturing method has enabled 
components to be made from wire and 
with superlative accuracy. When top 
standards are essential you can rely on 
Cross precision products. 


CROSS MANUFACTURING COMPANY (1938) LIMITED 


BATH - SOMERSET - ENGLAND ~- Phone. Combe Down 2355/8 Telegrams: ‘CIRCLE’ BATH 


BOAC 
COMET 4 


galley 


NO LESS THAN 77 OF THE WORLD'S 
AIRLINES USE 
AIRBORNE GALLEY EQUIPMENT 


No-one else, anywhere in the world, supplies 
anything like as much aircraft catering 
equipment as does the G.E.C., indisputably 
the foremost company in this specialised field. 


THE GENERAL ELECTRIC COMPANY LIMITED, MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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OANTAS- 
ROUND THE WORLD BY 


TRAVEL TIME ALMOST H 


Starting Sept. 7th Westwards 
LONDON + NEW YORK 
SAN FRANCISCO: HONOLULU - 
NEW ZEALAND - SYDNEY 


*Quick and easy connections to Auckland from Fiji 


Starting Soon Eastwards 
LONDON « MIDDLE EAST 
PAKISTAN + INDIA THAILAND 

MALAYA + SYDNEY mal 


*Date to be announced shortly SN 
AUSTRALIA'S 


Q A N TAS ROUND-THE-WORLD AIRLINE 


WITH B.0.A.C, T.E.A.L AND S.A.A 


Tickets and helpful advice from all appointed Travel Agents or Qantas, corner of Piccadilly and Old Bond Street, London, W.i. (Mayfair 9200) 
or any office of B.O.A.C. 
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SCIENTIFIC T 


Owing to the vast response to Pre 
vious advertisements it has been 
found necessary completely to Te 
organize the Translation Depart- 


ment of The Pergamon Institute. We 
re wish to recategorize 
have 


now therefo 
our list of translators. If you 


ld 
done previous work for us or wou 


like to join our translation panel 


would you please contact The 


i - ne of 
Administrative Secretary at 


the undermentioned addresses. 


ADVERTISEMENTS AUGUST 1959 


RANSLATIONS FROM THE 


RB uUsstan 


Chinese 
Japanese 


and Central 
European 
Languages 


can be handled immediately by our 
panel of competent highly qualified 
translators. This service is available to 
scientists, learned societies, government 
agencies and industry throughout the 
world, on a non-profit making basis, 
Why not contact us today ? 


PERGAMON INSTITUTE 


4&5 FITZROY SQUARE, LONDON, W.1 


Telephone: EUSton 4455 


122 EAST 55th STREET, NEW YORK 22, N.Y. 
Telephone: PLAZA 3-8580 
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HAWKER HUNTER TWO-SEATER 
IS BOTH TRAINER AND COMBAT AIRCRAFT 


The Hawker Hunter Two-Seater, benefiting from 
extensive development, makes the ideal Operational 
or Advanced Trainer. It combines fighter qualities 
with simplicity and ease of handling. 

With one or two guns, it can be used operationally 
as well as for training. Such flexibility makes the 
Hunter Two-Seater an economic and attractive 
proposition for any air force. 

Hunters are in service with no fewer than 

a dozen air forces 


HAWKER SIDDELEY AVIATION LIMITED, Richmond Road, Kingston-upon-Thames. 


International Sales Office, Duke's Court, St. James's, London, S.W.1. 
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Only the VANGUARD 


has this low-cost story 


THE CONCLUSIONS to be drawn from this simple 
er P BREAK EVEN NEED-CURRENT TOURIST RATE 

graph are among the most significant ever put to 

airline operators. It shows at a glance that the No, of PASSENGERS (European Economy Cless Capecity—!39) 


Vickers Vanguard will break even on total costs : I 


(indirect costs are taken as 100 per cent of direct) 
with passenger loads no higher than those actually ? 
carried by Viscounts today. 60 | 
With three tons of freight the passenger break - 
even requirement can be as low as 21 people t | 
falling to only 8 passengers hen five tons of freight 
is carried for 500 miles. The Vanguard is a profit- . = ceusaaesaai 
able aircraft on today’s payloads yet it has room a = 
for the inevitable expansion of traffic which, even ! 
at a modest progress, makes the Vanguard the +5 TONS FREIGHT 
0 500 1000 7500 2000 
biggest potential money earner ever built. 
In addition to its outstanding economy, the 
Vanguard is fully competitive in speed (425 m.p.h 
Solty competitive in spend (425, m.p.b 
cruise), and its turbo-prop flexibility will enable it 1 CLASS 31 PASSENGERS 
to maintain schedules as good as any, while TOURIST CLASS 39 PASSENGERS 
allowing for realistic traffic conditions. 
*(20% Reduction of tourist) 


Based on current European costs and revenues. 


Of all the airliners 425 m.p-h. cruising e Freight capacity 10 tons at normal 


densities e Full routeing and A.T.C. flexibility « Can use 


only the Vanguard normal existing airfields e Quick turn-round e No a*xfield 


h ll th f t noise problems *® Ten years’ unique Vickers/Rolls-Royce 
as al ese teatures turbo-prop experience . . . And it is ‘Viscount’ quiet. 


VICKERS VAI Ny G U Al R D 


FOUR ROLLS-ROYCE TYNE TURBO-PROP ENGINES 


@ Theairliner with the biggest profit potential ever offered to the operator 


VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY 


TGA AT624 
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Important Publications from PERGAMON PRESS 


International Series on Aeronautical 
Sciences and Space Flight 
Division 1X (Symposia) Volume 2 


ADVANCED PROPULSION 
SYSTEMS 


Edited by MORTON ALPERIN 
and GEORGE P.SUTTON 


Contains the papers presented at the sym 
posium co-sponsored by the Directorate of 
Advanced Studies, U.S. Air Force Office of 
Scientific Research, and Rocketdyne 

In this book many new and imaginative 
concepts of physical propulsion, power sources, 
propellants and human hazards are explored in 
the light of present knowledge and scienti- 
fically predicted conjecture. 


Approx. 42s. net (36) 


Division 1 (Aerodynamics) 


BOUNDARY LAYER CONTROL 


Principles and Applications 
Edited by G. V. LACHMANN 


Thirty-four authors of international repute 
will encompass the entire field of boundary 
layer control. These contributions will give 
a complete historical review of research and 
will reflect as fully as possible the present 
situation with emphasis on engineering 
applications In preparation 


Division (Propulsion Systems 
including Fuels) Volume | 


CHEMISTRY PROBLEMS 
IN JET PROPULSION 


by S. S. PENNER 


In this book the emphasis varies between 
qualitative surveys of basic principles and more 
detailed discussion of selected topics in com- 
bustion chemistry. The last part of the book 
is devoted to a discussion on chemical reactions 
and flow systems 


80s. net (512.50) 


DYNAMICS OF CLIMATE 
Edited by RICHARD L. PFEFFER 


Contains the authoritative proceedings of a 
conference on the Application of Numerical 
Integration Techniques to the Problem of the 
General Circulation, sponsored jointly by 
Institute for Advanced Study and the U.S. Air 
Force Geophysics Research Directorate. 


In preparation 


FATIGUE TESTING 
AND ANALYSIS OF RESULTS 


by W. WEIBULL 


An AGARDograph to be produced in loose- 
leaf form so that additional material can be 
incorporated in the original volume. 


Approx 84s. net (512.50) 


THE INTERNATIONAL 
JOURNAL OF HEAT AND 
MASS TRANSFER 


Editors: C.GAZLEY,J.P. HARTNETT, 
D. B. SPALDING and U. GRIGULL 


This journal, to be published bi-monthly 
commencing late summer 1959, will contain 
original research papers in all the basic aspects 
of heat and mass transfer, and in fundamental 
research in the well-established fields of con- 
duction, convention and radiation. Great 
encouragement will be given to those papers 
which explore new phenomena or which 
couple other disciplines with the science of 
heat transfer. Comprehensive review articles 
in selected areas of heat and mass transfer 
will be commissioned from time to time. 


Subscription ‘A’ (to libraries, industry, 
government offices, etc.) 


£6 ($17) per volume 


Subscription ‘B’ (to individuals who write 
direct to the publisher certifying that the 
journal is for their own personal use) 


£3 10s. ($10) per annum 


4 & 5 Fitzroy Square, London W.1 
24 Rue des 


PERGAMON PRESS LONDON NEW YORK PARIS LOS ANGELES 


122 East 55th Street, New York 22, N.Y. 


Ecoles, Paris V® 
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THE ARMSTRONG WHITWORTH 


ARGOSY 


PROP-JET FREIGHTERCOAGH 


POWERED BY 


ROLLS-ROYCE 


DART PROP-JETS 


The Dart is in service or under development at 
powers ranging from 1,540 e.h.p. to 3,200 h.p. 
and is currently operating at overhaul lives of up 
to 2,400 hours. It has an unexcelled record of 
reliability and has flown many millions of hours 
in scheduled service on the air routes of six con- 
tinents with total flying hours increasing by well 
over 250,000 hours per month. The Argosy has 
been chosen for the Royal Air Force and by Riddle 
Airlines. 


ROLLS-ROYCE LIMITED, DERBY, ENGLAND 
AERO ENGINES - MOTOR CARS - DIESEL AND PETROL ENGINES - ROCKET MOTORS - NUCLEAR PROPULSION 
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THE SOCIETY AND THE HELICOPTER ASSOCIATION 
Members will be aware of the discussions between 
Officers of the Helicopter Association of Great Britain 
and the Officers of the Society regarding the formation ol 
a Rotorcraft Section of the Society. An agreement has 
been reached between both bodies under which the 
Society has agreed to institute a Rotorcraft Section and 
thereafter the activities of the Helicopter Association will 
be transferred thereto. The next step is for the Society 
to hold a Special General Meeting to bring before 
members the Resolution in accordance with Article 19 
of the Charter. The notice regarding this Special General 
Meeting is given below. 
SPECIAL GENERAL MEETING 29TH OCTOBER 1959 AT 6.30 P.M 

Notice is hereby given that a Special General Meeting 
of the voters of the Society will be held on Thursday the 
29th day of October 1959 at 6.30 p.m. at the Offices of the 
Society to confirm the following Resolution: 

[That consequent upon the formal ratification by the 
Helicopter Association of Great Britain Limited, of 4 
The Sanctuary, Westminster S.W.1, of an Agreement dated 
the eighteenth day of February 1959 and made between 
Sir Arnold Hall as President of the Society and Mr. Eric 
Mensforth as President of the Association, Article I of the 
Charter of the Society dated the seventeenth day of 
January in the Thirteenth year of the reign of King George 
VI be amended by the addition after the word “ Engin- 
eers” in line 8 of Article I of the words “and the Heli- 
copter Association of Great Britain” and that the Council 
be authorised by the Society humbly to request Her 
Majesty in Council to allow an amendment to the said 
Charter in these terms 
A. M. BALLANTYNE 


10th August 1959 Secretary 


NOTE—The Resolution above was in accordance with 
Article 19 of the Charter passed unanimously by the 
members present at a meeting of the Council held on the 
thirtieth day of July 1959, such members being an absolute 
majority of the whole number of members of the Council 


MAN-POWERED AIRCRAFT GROUP 

An announcement was made in the May JOURNAI 
regarding the formation within the Society of the Man- 
Powered Aircraft Group. A Steering Committee has been 
formed and they have proposed a Lecture Programme 
The Inaugural Lecture will be held on 30th October on 
a Resumé of the Theory and Practice of Man-Powered 
Flight. Further particulars regarding the lecture arrange- 
ments will be published in the JoURNAL. 


SOUTHERN AFRICA DiviISION—NEW ADDRESS 
Correspondence for the Southern Africa Division of 
the Society should now be sent to the Hon. Secretary, Mrs. 
D. D. Hughes at her home address, as the Bristol Aero- 
plane Co. Ltd. office has been closed. Her address is: 
14 Keyes Court, Keyes Avenue, Rosebank, Johannesburg. 


SCHOOL OF WELDING TECHNOLOGY 

An advanced course for welding engineers will be held 
from 22nd to 30th September 1959 at the Institute of 
Welding. The course will cover all topics of importance 
to welding engineers and others responsible for the control 
of welding. Other courses to be held in October will 
cover Welded Design and Construction of Pressure Vessels 
ard Pipework, Control of Distortion, and Residual Stresses 
and Stress Relief. Details may be obtained from J. L. 
Sanders, Technical Officer, The Institute of Welding, 54 
Prince’s Gate, Exhibition Road, London S.W.7 


ASSOCIATE FELLOWSHIP EXAMINATIONS December 
The closing date for Candidates in the United Kingdom 
for December 1959 Examinations is 3lst August. Entry 
forms may be obtained from the Secretary. The closing 
date for entries outside the U.K. was 30th June. 
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THE JOURNAL 

We regret that the dispute in the printing industry has 
inevitably affected the production of the July and August 
Journals The July Journal should be regarded as an 
“emergency” issue; to reduce the delay as much as possible, 
different, but faster methods of binding have had to be 
adopted for both the July and August Journals, and they 
are being distributed together 


HISTORICAL GROUP 


The Council has agreed to the formation of a Historical 
Group within the Society. The aims of the Group are 
given on pp. 479-482 of this JoURNAL, together with a 
Register of Historic Aircraft which has been compiled by 
the Society. 

A Steering Committee for the Historical Group is being 
formed and further particulars will be announced later. 
Meanwhile, members of the Society wishing to register in 
the Historical Group should inform the Secretary. 


LIBRARY LOAN SERVICE 


It may not be generally known that a loan service is 
operated from the Society’s Library 

Almost all the reports abstracted and books listed in 
“ Additions to the Library” in the Journal each month, 
and most aeronautical Journals can be borrowed for two 
weeks at a time. Exceptions to this facility are reference 
works, bound journals and bound sets of reports. The 
library also maintains a running index of important articles 
on new developments, and should a member require in- 
formation on a subject without having a definite reference, 
an attempt will be made to send suitable material. 

Exhaustive bibliographies cannot be undertaken, 
although short lists of references can be provided. 


SUPPLEMENT TO OXFORD ENGLISH DICTIONARY 


A Supplement is being prepared to the Oxford English 
Dictionary, the Editor of which asks for the assistance of 
members in tracing early references to aeronautical terms. 

From time to time, a list will be published in the 
JOURNAL wherein the earliest known use of a word wili be 
given. Should any reader be aware of an earlier use, 
he is asked to write to the Editor, Oxford English Diction- 
ary Supplement, 40 Walton Crescent, Oxford, giving the 
reference(s), date, author, title, chapter and page. The first 
list was published in the June JOURNAI 


air frame 193! Aircraft Engineering 

air lane 1918 W. H. Berry, Aircraft in War 
and Commerce 

air log 1936 Max B. Garber, Modern Mili- 
tary Dictionary 

air mine 1939 War Weekly 

air photograph 1923 Observer 

aerial photograph 1918 The Times 

air photography 1919 Geographical Journal 


aerial photography 1910 C. C. Turner, Aerial Naviga- 
tion of Today 


air position 1937 D. C. T. Bennett, Complete 
Air Navigator 
air-position 1948 Journal of the Institute of 
indicator Navigation 
air power 1908 H. G. Wells, War in the Air 
air route 1914 C. Graham White and H. 


Harper, The Aeroplane 

air scoop 1919 W. B. Faraday, Glossary of 
Aeronautical Terms 

air-speed indicator 1913 Aeronautics 


air survey 1918 The Times 
aerial survey 1919 Aeronautics 
air surveying 1927 Flight 

aerial surveying 1921 Aeronautics 
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LECTURE THEATRE APPEAI 


ROYAL AERONAUTICAL 


SOCIETY—-NOTICES 


The following list shows further donations received up to the time of going to press. 


Donations 

Previous total (including minor 
adjustments) 

Air-Britain 

A. W. R. Allcock, Esq. 

E. H. Atkin, Esq. ‘Us. $56.00) 

Bakelite Ltd. 


C. Bayly, Esq. 

A. G. Berg, Esq. 

B. Cape, Esq. .. 

Gp. Capt. R. W. Christmas . 

Gp. Capt. C. Clarkson 

J. E. Clough, Esq. (U.S. $20.00) 

L. P. Coombes, Esq. .. 

Courtaulds Ltd. 

Weg. Cdr. P. L. Crowell 

Sqn. Ldr. W. H. Dainty 

R. Dean, Esq. .. 

J. E. P. Dunning, Esq. 

E.N.V. Engineering Co. Ltd. 

Esso Petroleum Co. Ltd. 

F. G. Evans, Esq. 

Ferranti Limited 

M. Finlay, Esq. 

Prof. G. Gabrielli 

G. G. Gallagher, Esq 

D. E. Gladwin, Esq. .. 

Fit. Lt. V. J. Glanville 

Graduates’ and Students’ Com- 
mittee 

Graviner Mfg. Co. Ltd. 

Gustavus Green, Esq. .. 

Sqn. Ldr. R. B. Griffiths —. 

Guild of Air Traffic Control 
Officers a 

Major J. E. G. Harwood 

N. J. G. Hill, Esq. 

W. G. Hobbs, Esq. 

Dr. N. J. Hoff . 

Pie. Lt. K. F. Hopkins 

H. O. Houchen, Esq. 

J. M. Howe, Esq. 

A. R. Howell, Esq. 

H. F. Jackson, Esq. 

R. C. Johnson, Esq. 

O. P. Jones. Esq. 

K.D.G. 4 Ltd. 

J. Kirby, 

Dr. D. M. ry Leggett 

E. R. Major, Esq. 

Lt. Cdr. D. G. Mather 

Fig. Off. O. Maung 

H. C. Maynard, Esq. . 

Miss M. Michael 

Middle East Air Lines 

R. C. McCallum, Esq. 

I. C. McOran-Campbell, 

F. M. Owner, Esq. 

J. J. Parkes, Esq. 

E. Paulsen, Esq. 

Wg. Cdr. R. C. Preston. 

R. B. Pullin & Co. Ltd. 

A. G. Rogers, Esq. 

Royal Automobile Club 

R. H. Sandifer, Esq. 

G. W. Saynor, Esq. 

S. Scott Hall, Esq. 

E. R. Sharp, Esq. “US. $17.00) 

Shell-Mex & B.P. Ltd. 

Southern Forge Ltd. 

Fit. Lt. A. B. Thompson 

R. A. Wallis, Esq. 

S. F. Wheatcroft, Esq. 

K. G. Wilkinson, Esq. . 

J. L. Wood, Esq. 


Esq. 


£ 


21 
105 


Now 


Ss. 


= 


d. 


& 


7426 12 


d. 


1 


AUGUST 


1959 


ts. d 
Brought forward 7426 12 1 
7-year Covenants p.a. 
Previous total (including minor 
adjustments) 1191 17 9 
Capt. L. R. Ambrose 1 0 0 
A. D. Baxter, Esq. - 
J. P. Bond, Esq. 10 0 
R. H. Chaplin, Esq. 
J. R. Cole, Esq. 110 O 
D. D. Ewart, Esq. 15 0 
A. Fage, Esq. .. 20 0 
Sir Arthur Gouge 100 0 O 
J. H. Grout, Esq. 1 0 0 
R. Hafner, Esq. 3 0 0 
B. S. Hansom, Esq. 15 0 
Fig. Off. C. J. Hyatt 15 0 
E. T. Jones, Esq. 5 0 0 
D. Keith-Lucas, Esq. , 3 © 
R. M. W. Manning, Esq 1 00 
P. Minton, Esq. 1 1 0 
M. C. Muir, Esq. 22 8 
F. J. Mullins, Esq. i620 
Lt. J. G. S. Norman 1 0 0 
K. R. Obee, Esq. 1 0 0 
A. C. Parks, Esq. 1 0 0 
Air Cdre. N. C. S. Rutter 110 0 
Sqn. Ldr. J. Sandford . 1 0 0 
N. F. Simmonds, Esq. 1 1 0 
Sqn. Ldr. R. G. Simmons 4+ 0 0 
D. O. Spratt, Esq. 1 0 0 
R. S. Stafford, Esq. 
P. G. Stannard Esq. 10 0 
G. T. Tollett, Esq. 200 
F. Tyson, Esq. .. @ 
Vickers Limited 612 10 O 
G. T. Wansbrough- White, Esq. 20 0 
*1952 4 9 
*With Income Tax at the present standard 
rate of 7/9 in the £, this figure should pro- 
duce £22,310 (approx.) over the 7-year period 
10-year Covenant p.a 
Hawker Siddeley Aviation Ltd. 612 10 0 *612 10 0 
*With Income Tax at the present standard 
rate of 7/9 in the £, this figure should pro- 
duce £10,000 over the 10-year period. 
Bankers’ Orders for an 
Unspecified Number of Payments 
p.a. 
Previous total .. 41 16 0 
A. E. Shepherd, Esq. > 3 6 
47 1 O 
£10,038 7 10 
In addition a donation in kind has been 
promised by Tube Investments Ltd. 
GRAND TOTAL 
(APPROXIMATELY) £37,220 


(allowing for recovery of income tax on 
7 and 10 year covenants) 


Promises amounting to another £30,000 had 
been received at the time of going to press. 
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Squadron Leader J. ANSTESS (Associate Fellow) 
formerly at R.A.E. Farnborough is now at Air Head- 
quarters, Malta 

M. C. C. BAMPTON (Graduate) formerly with Avro Air- 
craft Ltd., Canada, is now a Dynamics Engineer, Columbia 
Division, North American Aviation Inc 

Commander E. H. (Associate Fellow) 
formerly on the Staff of the Flag Officer Reserve Aircraft 
has been appointed to the Staff of Flag Officer Air (Home) 
Lee-on-Solent as Staff Officer Aircraft Repair and Reserve 
Holdings 

Air Commodore F. R. BANKS (Fellow) has joined the 
Board of Directors of The Blackburn Group Ltd., and of 
two companies within the Group, Blackburn Aircraft Ltd., 
ind Blackburn Engines Ltd 

B. G. BEARD (Graduate) on promotion to Engineer III 
has been transferred from the A.I.D. at Bristol Aircraft 
Ltd.. Filton to the post of Senior Regional Inspector 
(Electronics) Scottish and Northern Region of the Electri- 
cal Inspection Directorate, Glasgow 

COLIN R. BROUGHTON (Associate Fellow) formerly in 
the Design Office at Avro Aircraft Ltd., Canada, is now a 
Senior Aircraft Design Engineer, Lockheed Aijrcraft 
Corporation (Georgia Division). 

A. W. Burns (Associate) formerly an Aircraft Designer 
with Avro Aircraft Ltd.. Canada is now a Senior Design 
Engineer, Lockheed Aijrcraft Corporation (Georgia 
Division) 

E. C. CarTER (Associate Fellow) formerly Senior Aero- 
dynamicist in charge of Supersonics, Aircraft Research 
Association, Bedford, is now Deputy Chief Aerodynamicist 

P. H. CurNow (Associate Fellow) formerly in_ the 
Weapon Division, Ministry of Supply, is now Project 
Engineer, Experimental Nuclear Equipment Department, 
Fairey Aviation Ltd., at Heston. 

NorMAN S. Currey (Associate Fellow) formerly Senior 
Publications Engineer, Avro Aircraft Ltd., is now a Senior 
Design Engineer, Lockheed Aircraft Corporation, Georgia. 

C. M. Darsy (Graduate) formerly at the College of 
Aeronautics is now in the Rocket Engine Propulsion 
division of Rolls-Royce Ltd., Derby. 

R. H. R. Davies (Associate) formerly Acting Chief of 
Air Navigation Services in the Directorate of Civil Aviation 
is now Regional Civil Aviation Representative (Uganda) 
in the East Africa Directorate of Civil Aviation 

R. S. EMERSON (Associate Fellow) formerly Chief 
Designer, Bryce Berger Ltd., Staines, is now Chief 
Designer, Special Test Equipment Division, Leslie Hart- 
ridge Ltd.. Buckingham. 


THE POSTMASTER Gene RAL 
WASHINGTON 


The Royal Aeronautical boc iety 
4 Hamilton Place 
Loedon Wl England 


SEATES 
OFFICE 
DEPARTMENT 


Missile Mail—A photograph, approximately half size. of the 
cover presented to the Society by the Postmaster General of 
the U.S.A. of the limited number of covers carried by the 
Regulus I Training Guided Missile on 8th June 1959. The 
missile was launched from the guided missile submarine U.S.S. 
Barbero (SSG-317) from the international waters of the Atlantic 
and the missile was flown at, or near, the speed of sound to 
the U.S. Naval Auxiliary Air Station at Mayport, Florida 


BERNARD L. R. Fry (Graduate) formerly with the Air- 
speed Division, de Havilland Aircraft Co., Christchurch is 
now an Aerodynamicist, Canadair Ltd., Montreal. 

T. F. R. GeorGe (Associate Fellow) formerly Head of 
Physics and Engineering Dept., A.P.C. is now Chief 
Designer, Experimental Nuclear Equipment Department, 
Fairey Aviation Ltd., Heston 

Wing Commander H. F. GLover (Associate Fellow) 
has been posted to the Guided Weapons Department of the 
Royal Aircraft Establishment on completion of the Ad- 
vanced Weapons Course at the R.A.F. Technical College, 
Henlow 

Dr. J. J. Green (Fellow) formerly Defence Research 
Attaché, Canadian Embassy, Washington, is now Chief 
Superintendent of the Canadian Armament Research and 
Development Establishment, Valcartier, Quebec 

P. T. GrirFitH (Associate Fellow) has retired from the 
position of Purchasing Controller, B.O.A.C. and has been 
appointed Managing Director of The Babb Company 
(Britain) Ltd., Aircraft Brokers 

Eric L. HASSeELL (Associate) formerly an Engineering 
Aerodynamicist, Avro Aircraft Ltd., Ontario is now an 
Assistant Project Engineer, Propeller Division, Curtiss 
Wright Corporation, Caldwell, N.J 

J. O. Hireucock (Associate Fellow), a Director of the 
Mond Nickel Company Ltd.. is now also Managing 
Director (Commercial) of the company 

D. J. HuGccerr (Student) formerly a Research Student, 
Southampton University, is now a Lecturer in Aeronautical 
Engineering, Kingston Technical College. 

S. IrvinG (Student) formerly with Vickers-Armstrongs 
(Aircraft) Ltd., Weybridge. has been posted to R.A.F. 
Swinderby for duties in the Technical Wing. 

M. W. JENKINS (Associate Fellow) formerly with Avro 
Aircraft Ltd., Canada is now with N.A.S.A., Langley Field 
as an Aeronautical Research Engineer, Flight Systems 
Division of the Space Task Group 

JaMES A. R. Kay (Fellow) formerly a Director, A. V. 
Roe and Co. Ltd., Manchester, is now joint Managing 
Director, Hawker Siddeley Aviation Ltd., Kingston, and 
also Managing Director of A. V. Roe and Co. Ltd. 

CLIFFORD J. KNIGHTS (Associate Fellow) formerly 
Technical Assistant and Deputy to the Superintendent, Test 
Department, Rolls-Royce Ltd., has been transferred to the 
Rocket Engine Division, and is now a Senior Test Engineer. 

K. G. Lane (Graduate) formerly a Technical Assistant 
with Bristol Aircraft Ltd., Filton, is now an Engineer on 
Production Development, Glacier Metal Co. Ltd. 

R. Lewis (Graduate) formerly a Senior Design 
Draughtsman at de Havilland Aircraft Ltd., Hatfield, is 
now a Mechanical and Structural Engineer, Hunting 
Engineering Ltd., Luton. 

Wing Cdr. A. W. LINDLEY (Associate Fellow) is now 
employed at the Ministry of Supply, Air Technical Publi- 
cations (Electrical) as Technical Publications Officer. 

GABRIEL MacoosH (Associate) formerly aviation con- 
sultant, Operation Research, Tel-Aviv is now with LC.A.O. 
in Montreal 

Lt. Cdr. D. G. MarHer (Associate Fellow) formerly 
Senior Maintenance Test Pilot at the R.N. Aircraft Yard, 
Shetlands is on an exchange appointment with the United 
States Navy at San Diego 

P. R. MILLER (Graduate) formerly a Research Assistant 
at Southampton University is now with Vickers-Armstrongs 
(Aircraft) Ltd., Weybridge as a Senior Stress Engineer. 

JouN H. Mortimer (Graduate) formerly with D. Napier 
and Son, Luton, is now with the de Havilland Engine 
Company, Stag Lane, Edgware 

R. V. ReaD (Associate Fellow) formerly a Senior 
Engineer, Nuclear Energy Projects Dept., is now Project 
Engineer at the Experimental Nuclear Equipment Dept., of 
Fairey Aviation Ltd., Heston 
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R. G. Rose (Associate Fellow) formerly Group Leader, 


Performance, with Avro Aircraft Ltd., Malton, is now 


Assistant Project Officer with the Space Task Group of 


N.A.S.A. at Langley Field, Virginia. 
H. J. SreiGer (Fellow) has been appointed Sheriff of 


Hull. 
P. L. SuTcLiFFE (Assoc 
Aerodynamicist, A. V. Roe 


iate Fellow) formerly Chief 
and Co. Ltd., is now Chief 


Technician, Advanced Projects Group, Hawker Siddeley 


Aviation Ltd. 


R. W. SzyMaNsK! (Associate Fellow) formerly Senior 
Technical Assistant with Armstrong-Siddeley, Coventry, is 
now a Senior Lecturer in Thermodynamics at Kingston 


Technical College. 


F. R. Warp (Associate Fellow) formerly Group Leader, 
A.P.C. Research and Development, Fairey Aviation Co. 
Ltd., is now Head of the Technical Office at the Experi- 
mental Nuclear Equipment Department, Fairey Aviation 


Ltd., at Heston. 


_ G. M. Watson (Associate Fellow) formerly Designer 
in the Engineering Dept.. Avro Aircraft Ltd., Malton, 
Canada, is now a Senior Design Engineer, Lockheed Air 


craft Corporation, Georgia. 


J. E. Wincate (Graduate) formerly employed in the 


Weapons Research Division 


of A. V. Roe and Co. Ltd., 


Woodford, is now a Stress Engineer with the English 
Electric Co. Ltd., Warton, Lancs. 


ELECTIONS 
The following is a list of new members and transfers 
of membership of the Society : — 


Associate Fellows 
Boety Johan Gerard Asbeek 
Brusse 
Edwin James Baughen 
Frank Graham Burger (from 
Graduate) 
James Leslie Davey 
Arthur George Debbage 
(from Graduate) 
Brian Dickinson 
John Walter Flower (from 
(Graduate) 
David Swales Forsyth (from 
Graduate) 
Grahame Kenneth Gates 
(from Associate) 
Philip Harding 
Jack Hardy (from Associate) 
Francis George Harley 
Anthony Henry Hewitt 
William Euan Hooper (from 
Graduate) 
Louis Burton Irving (from 
Graduate) 
Harold Melville Kent (from 
Graduate) 


Associates 

John Albert Hart 

Thomas Charles Henry Keith 

Norman Albert Charles 
Kervill 

Roy Emile Le Long 

Glyndwr Lloyd 

Peter Owen Oliver 

Graduates 

Geoffrey Spencer Atkinson 

Julian Mordecai Aucken 

Abercrombie Noel Davidson 

Rex Alec Kenneth de Winton 
(from Student) 

James Jack Duncan (from 
Student) 

Lawrence Frank Gillard 
(from Student) 

William James Lavington 
(from Student) 

Kenneth Morrison Nicoll 
(from Student) 

Kathirisetti Ramarao 


Patrick Paul Kerwick 

Roland Bertram Manners 
(from Associate) 

Lawrence Patrick Moore 

Raymond Nichols (from 
Graduate) 

Richard John Parkhouse 

Edward William Pike 

Peter Francis Pink 

Reginald Harold Platt (from 
Graduate) 

Trevor Norman Pound 

Robert Cyriax Rice 

Rajmund Ro’wniak (from 
Companion) 

Harry Christian Salmon 
(from Associate) 

Stuart Raymond Sarrailhe 
(from Graduate) 

Giuseppe Simone 

Alwyne Edward Thornton 
(from Graduate) 

Keith Ernest Wills 


Bertram Frederick Russell 

Eric William Smith 

Robert J. Stone 

Anthony Chalmers Turner 

John Charles Waddelow 

Arthur Francis Winstanley 
(from Companion) 


Gwilym Rees 

Frederick Michael Robbins 

George Douglas Rork 

George Robin Sleight (from 
Student) 

Alan Edmund Smith (from 
Student) 

Anthony Edwin Tanner 

John Henry Tomkins 

Guy Rudgard Webster 
(from Student) 

Robert Richard Wilson 
(from Student) 
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Students 
Keith William Oliver Fenton 
Anthony Godbold 
Peter George Joyce 
John Graham Palfery 


Christopher John Speake 
Mary Evelyn Thomas 
Roy Ware 

Denis Wynne Wolff 


Companions 
Ronald Cedric Amsden 
Gavin Kay Grocott Schutzmann 
William John Simpson Harry James Winch 
AMERICAN ASTRONAUTICAL SOCIETY 

The American Astronautical Society will hold its Sixth 
National Annual Meeting in New York from the 18th to 
the 2ist January 1960. 

Technical papers on general topics in the field of Astro- 
nautics are requested, and submitted papers should include 
({) abstract (300 words or less), (ij) technical description- 
including diagrams, photographs, graphs, etc. (maximum 
presentation time 30 mins.), and (iii) conclusion. Abstracts 
must be submitted by 15th September, 1959, and papers by 
15th October, 1959, to Edwin A. Goldberg, Radio Cor- 
poration of America, Astro-Electronic Products Division, 
P.O. Box 800, Princeton, New Jersey. 


THe H. N. Fectowsuip at M.LT. 

The H. N. Slater Fellowship for 1959-60, which has an 
allowance of $4000 (tuition plus $2700), will be awarded 
for study in the field of flight transportation in the Depart- 
ment of Aeronautics and Astronautics, Massachusetts 
Institute of Technology. 

The recipient will be expected to engage in full-time 
graduate study and research, following an approved pro- 
gramme in the field of flight transportation leading to a 
graduate degree. Preference will be given to aeronautical 
engineers working in flight transportation or related fields 
Further information may be obtained from the Dept. of 
Aeronautics and Astronautics, M.1.T., Cambridge 39, Mass 


AGARD MEETINGS 
The Advisory Group for Aeronautical Research and 
Development (AGARD), of the North Atlantic Treaty 
Organisation (NATO), has announced the following 
meetings for September, 1959:- , 
8th-12th Wind Tunnel and Model Testing Panel and the 
Supersonic Tunnels Association “ Use of Wind Tunnels 
in Development Testing.”—Institut de Mécanique des 
Fluides Marseille. 
13th-14th Wind Tunnel and Model Testing Panel and the 
Supersonic Tunnels Association.—O.N.E.R.A. Modane. 
14th-23rd Structures and Materials Panel Business Meet- 
ings.—Aachen Germany. 
16th-23rd Avionics Panel “ Data Handling for Space Re- 
search Wind Tunnels and Air Traffic Control.””—Aachen 
20th-25th Documentation Committee Meetings “~ Docu- 
mentation in Germany” and Business Meeting. 
Gmelin-Institute Frankfurt. 
2Ist-22nd Flight Test and Instrumentation Techniques 
Panel “ Air Space Problems Encountered in High Speed 
Testing.” —Aachen. 
22nd Combustion and Propulsion Panel Business Meeting. 
—Aachen. 
2ist-23rd Wind Tunnel and Model Testing Panel “ Gas 
Characteristics at High Temperatures.”—Aachen. 
21st-26th Aeromedical Panel “ Acceleration and Bio-Assay 
Techniques for Human Centrifuges and Business 
Meeting.—Aachen. 
24th-25th Ninth AGARD General Assembly: Space Re- 
search Techniques and Recent Experimental Data.”— 
Aachen. 
Further details about some of the meetings may be 
obtained from A. J. Barrett, Head of the Technical Dept., 
The Royal Aeronautical Society, 4 Hamilton Place, W.1. 


FROM THE LIBRARIAN 
If the borrower who extracted pages 71-84 from the 
Library copy of Timoshenko and Goodier’s “Theory of 
Elasticity” cares to apply to the Librarian he may have 
the rest of the book as a gift. 


Robert Alexander Symes- 


— 
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The Art of Developing Aero-Engines 


y 


A. C. LOVESEY, O.B.E., B.Sc., F.R.Ae.S. 


(Chief Engineer, Aero Division, Rolls-Royce Limited) 


The 1111th lecture to be given before the Society, and the 35th Main Lecture to be held at a 
Branch Centre, “The Art of Developing Aero-Engines” by Mr. A. C. Lovesey, O.B.E., B.Sc., 
F.R.Ae.S., Chief Engineer, Aero Division, Rolls-Royce Ltd., was given under the auspices of 
the Preston Branch of the Society on 9th April 1959. Mr. E. Loveless, A.F.R.Ae.S., Chairman 
of the Preston Branch opened the meeting by welcoming the President, Sir Arnold Hall, M.A., 
F.R.S., F.R.Ae.S., the members of Council present, and Mr. B. P. Laight, Chairman of the 
Brough Branch. Mr. Loveless said that this was the Second Main Lecture to be held at 
the Preston Branch but it was, he thought, the first occasion on which they had been honoured 
by a President of the Society during his term of office; therefore it gave them great satisfaction 
to have Sir Arnold with them to preside over the rest of the meeting 

Sir Arnold Hall, before introducing the lecturer, expressed his pleasure at visiting the 
Branch, especially for a Main Lecture by so distinguished a lecturer After graduating in 
engineering from the University of Bristol, Mr. Lovesey had joined Rolls-Royce Ltd. in 1924 
and had been responsible for a number of products of the firm which had earned world-wide 
repute. Engines like the Merlin and the Avon particularly were linked with him because he 
had been mainly responsible for their development 


During the Second World War it is true to say that 
development of aero-engines qualified as an “art.” 
What else could it have been but an “art” when we 
remember such achievements as the successful lubrica- 
tion of the highly boosted aero-engine piston, which 
at the time appeared to be defeating the laws of nature. 

In the words of Mills—Art—proposes to itself an 
end, and looks out for means to effect it.” 


|. Introduction 

The first ten years following the end of the First 
World War saw a steady “run down” in the armed 
forces and during this period what still existed in the 
field of aero-engine development was inspired, mainly, 
by participation in long range pioneering flights, distance 
records and international speed events—such as the 
Schneider Trophy Contest. 

Research and development were limited by the funds 
available and it was not until about 1935, when the 


Government decided on an “all out” policy to re-equip 2. The Aim 
the Royal Air Force with equipment to match the Development can be considered under two broad 
growing aerial strength of Germany, that aero-engine stages. Firstly, that of taking the embryo engine from 


the drawing board up to maturity as a production engine 


development received the support it needed. It was 
and in caring for its initial service years by correcting 


somewhere in this period that marked the “renaissance” 


of the development of aero-engines. defects. Secondly, in modifying the basic established 
The principle was by this time established, although engine to produce higher performance, give longer life 

not generally everywhere practised, that “Development” or suit new requirements. 

was a business in itself and not merely an off-shoot of The aim is, naturally, to do this as speedily as 

the general design and production organisation. possible consistent with thoroughness—speed without 
The realisation of this principle saw the growth of thoroughness is of little value if it results in an extended 


Experimental or Development Departments and _ their post-production development programme. Time saves 
breakaway from the normal factory control. It saw money and is necessary to remain competitive in the 
recruitment of technically trained personnel from the present day fast moving technology, whether it be in the 
colleges and universities and the establishment of special field of civil or military aeronautics. The advantage of 
facilities. Earlier the so called “Experimental Depart- a given project or technique is only so at a given time, 
ments” were a small section contained within, and and loss of time due to protracted development, or late 
responsible to, the main Production Department who decisions to proceed, seriously reduces the value any new 
benevolently manufactured the early experimental projects may have had. 
models and maintained them. The influence of the time factor is readily gauged in 
The rearmament period saw the recognition of the civil field by its effect on order books but is not so 
Development Departments in their own right and accep- apparent in military aeronautics during times of peace. 
tance of the need for special engineering training in tech- The aims are simple, how then do we go about this 
nical colleges and universities. The war years saw the ‘Development business’’? Obviously, we must have the 
strengthening and growth of the Development System. right people and the right tools. 
429 
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I am assuming that we start with a self-contained 
Development Department. The word “self-contained” 
is used only in its broadest sense as naturally the 
Development Department is only a partner in the 
organisation as a whole. Its size and facilities depend 
upon the volume of orders of the Company into which it 
is integrated. There cannot be a simple scale relation- 
ship between the two because all the facilities simply do 
not scale—such as, for example, a High Altitude Test 
Facility. Certain advantages. therefore, go to the larger 
companies and this point has to some extent been met in 
recent times by the amalgamation of several smaller 
companies in order to pool resources. 

There are many different systems of organisation of 
Development Departments and no doubt many achieve 
similar results by different methods. The one to be 
described here, without going into detail, is that of the 
Project Engineer. 


3. Project Engineers 

To each new project is appointed a Project Engineer 
who is responsible for carrying that project from the 
drawing board, through Development to Production and 
through its early service life. His responsibilities start 
with the run of the first engine and before that with the 
first appearance of hardware for the purpose of 
component testing on rigs in advance of the first engine 
run. He is responsible for preparing the Development 
Plan and programmes. 

In his Project Section he is supported by a Develop- 
ment Engineer. The Section is self-contained in that it 
has sub-sections covering various classes of components 
of the engine such as compressors, gear drives, oil 
system; “hot” components such as turbines, combustion 
chamber and jet pipes. A section is also devoted to 
specifications, which is responsible for the build of the 
engines and the test schedules to which they are run. 
This section works in the closest collaboration with 
those engaged on the development side. 

The Development Department contains a number of 
common service sections headed by a specialist in that 
subject such as Combustion, Electronics, Fuel Systems, 
Turbines and Compressor, Altitude Test Facility. 

It may appear that the Project Sections with their 
sub-sections of specialists on say, combustion, duplicate 
the work of the Common Facility Sections. This is not 
so as the former, in a sense, represents the customer and 
is mainly interested that his particular component 
provides the desired performance when part of the 
engine. For example, the rig test attempts to take flame 
tubes up to the desired standard of combustion 
efficiency, surface temperature, temperature traverse, 
ignition, and, as frequently happens, the engine tests 
show discrepancies compared with rig results. It is then 
a matter of cross checking between rig and engine and 
possibly modifications to the former to bring them 
into line. 


4. Planning the Development Programme 

One almost hesitates to use the word “planning” 
today as it tends to conjure up a formula for solving 
our problems. 
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With the ever growing complexity of engines it is 
essential to have a carefully worked out detailed plan 
of the various stages of development that are necessary 
in order that the delivery dates to the aircraft constructor 
be kept. Too much “slack” in the programme cannot 
be allowed as this may cause the project to be uncom- 
petitive with that of another manufacturer and if unfore- 
seen contingencies arise, which they usually do, they 
must be overcome by a greater effort and not by the 
easier expedient of the same effort and extending the 
time. 


5. The Time Cycle 

The questions one should ask are, why does the 
development of a new engine take so long; why does it 
cost so much? Surely with the gain in knowledge over 
the years it should be a shorter and easier path from 
the design board to production. This would be a 
reasonably true assumption if a new engine were merely 
a scale, up or down, of a previous type, but it has to be 
much more than this. It has to be superior on nearly 
all counts; it has to be superior in performance, weight, 
size and, in addition, the civil engines have to be 
competitive in price, maintenance and life—and last but 
not least—it has to be ready at the right time. 

As the time cycle from inception to service operation 
is anything between one and a half and seven and a half 
years, the advantages of a new project over the current 
types in operation have to be appreciable in order to 
stand up to competition. Even during the development 
period a watchful eye has to be kept on possible 
competition developing and sometimes, major decisions 
have to be made as to whether to undertake appreciable 
design changes to provide, or make provision for, 
performance beyond the original contract specification. 
The time scale and cost are important items in making 
such decisions. 

In “designing” the development programme for a new 
project, it is a great advantage to be able to draw upon 
statistics derived from previous development experience. 
Certain facts emerge which prove very helpful in 
planning a new project. 

Figure 1 shows the time scale from start of design 
up to delivery of first production engines to the aircraft 
contractor. This diagram includes simple centrifugal 
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Ficure 1. Some development times in aero gas turbines. 
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Figure 2. An example of the development of a turbo-jet for 
civil operation. 


jets and axial jets and by-pass engines, also centrifugal 
turbo-props and axial turbo-props over the period 1942 
up to the present time—1959. 

The items which emerge from this diagram are: — 

(i) The relatively short time taken to design and 

develop the early simple jets in spite of the 
very meagre facilities. An important factor 
here is that they were mainly based on the 
work of Whittle and the considerable experi- 
ence gained from centrifugal compressors used 
on piston engines during the war years. 

(ii) The slowing up with the introduction of the 
axial engines and, 

(iii) The marked improvement in time taken due to 
improvements in the development technique 
and improved facilities which succeed in 
defeating the inevitable growth of complexity. 

A reasonable time from the start of design to the run 
of the first engine should be about 12 to 18 months. 

Figure 2 shows a more detailed breakdown in the 
development of an engine for civil operation. Here was 
a case in which the engine in question had achieved its 
guaranteed performance, but it was considered that 
design changes could be made, within the time scale 
permitted, which would provide for a greater develop- 
ment potential after its introduction into airline 
operation. 

Such an action calls for a very searching inquiry 
before a decision is made. It can affect production 
material ordering and tooling, risks of development 
delay, and so on, and inevitably results in the scrapping 
of some development material, with a resultant cost 
penalty. 

However, this is a contingency which the Develop- 
ment Engineer must always bear in mind in his planning 
—particularly in the civil market where he has to be 
ready to take up the challenge, at any time, of 
competitive engines. 

It is also a duty to any aircraft constructor in whose 
aircraft the engine may be installed, because almost any 


aircraft performance improvement is achieved by a 
process known as “stretch”, such as increased capacity, 
A.U.W., thinner wings, and so on—always demanding a 
complementary engine “stretch.” A little foresight during 
the development period can have a profound effect on 
the operating economics of an aircraft after its first 
“stretch” if the modifications to the engine do not turn 
out to be too costly. 

It is only natural that during the period between the 
drawing board and production of a project, new ideas 
occur which must not be allowed to influence to the 
slightest degree the date plan. The technical improve- 
ment conceived should be worked out without any 
severe restriction from the state of the specification at 
that particular time of development, then perhaps a 
degree of compromise; and then, with intelligent 
planning, the stepping stones can be laid for the 
economical introduction of worthwhile improvements in 
the post-production era of service operation. 


6. The Programme 

The importance of a very fully considered, detailed 
Development Programme against dates cannot be over- 
emphasised. This is also taken as the cue for starting 
operations on many other aspects of development other 
than the supply of engines. For example, it is a means 
of starting investigation into the suitability of existing 
test beds or the necessary modifications; planning of 
special rigs; flying test beds, ancillary test equipment, 
such as starters, and so on. 

The programme and dates must be realistic. The 
dating of the engine and component manufacture must 
be the outcome of careful investigation between the 
design and manufacturing departments and must have 
the agreement of the heads of those departments. 

From the “Key” Programme springs a more detailed 
“break down” covering the supply for, and the mechani- 
cal rig testing of, the major engine components such as 
the main casings, shafts, disc and so on, for ultimate 
and fatigue strength. 

These programmes justify the expenditure of a lot 
of high class thought and time because they can be an 
extremely useful tool during the ensuing development. 

How then is this tool used? Firstly, it must be a 
point of honour of all concerned to meet the dates of the 
programme. As was said earlier, a project has a 
technical or commercial advantage only at a certain 
time—and these advantages are relatively short lived. 
The performance specification of an engine is in- 
complete unless labelled with the date. 

There are inevitably the “hard luck” cases on both 
the manufacture and development sides—late deliveries 
of engines—or components—because of the high rate 
of scrap, difficulties encountered in the fabrication of 
components, or “completely unexpected” failure of a 
component with a previously unblemished development 
record. All these incidences, to the seasoned engineer, 
are part of the business of development and the time 
when the “programme” is invaluable. 

The programme calls attention to the fact that such 
incidences, if unchecked, can result in a “shift” or “slip” 
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Figure 3. Example of supply 
programme for development of 
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PRODUCTION © Ficure 4 (Below). Example of 

MACHINE to support the development of 
RELEASES a civil turbo-jet engine. 


of the ultimate delivery programme of engines to the 
aircraft. This, then, focuses attention on the problem FATIGUE PROOF 
of the day and it then becomes a question of deploying eS aeawhen weber 
PS COMP DISC — ARIAL RATE 
one’s forces—perhaps at the expense of some other TR TURE REAR BAG SUPPORT —RADIAL RATE 
. TURBINE FRONT BRG SUPPORT —RADIAL RATE 
project—in order to get back on the “date line. TURBINE DISCS SHAFTS BENDING STRPNESS 
Late dates must never go unchallenged or unchecked. Come Discs & SHAFTS ~BENDING STIFFNESS 
ENGINE CARCASE — STIFFNESS 
Figures 3 and 4 show an example of one of these Mn nar arcu 
programmes. (2.37 10.1 Conse OFSCS TO STRETCH 


7. Engines Required for Development | | MOT 
The number of engines required for the whole ROUTE commences | | 
development programme varies considerably, depending CENTER ENOUPANCE 
to a large extent upon the number of different applica- 
tions or installations and whether there are military and ESS) vesicn 

civil versions of the basic engine. For example, if 
there are both reheat and non-reheat applications, more 
engines are desirable because in the former case a lot of 
the work will be tied up in the Altitude Test Plant. 40 T 

If we go back over past records, some interesting | i 
facts emerge, as shown on Fig. 5. This is a plot of the | h————# PROJECT | 
bench running hours per month per engine for the Ti oecen OES! 2 
number of engines employed—dquite different engines 30! — 
are plotted but there is a marked trend to reach the a « 
maximum running hours per engine with four or five f I ‘ x 
engines. It may be said that it is just the time factor ; I . 
which causes the initial steep rise in the slope of the I | . f 
curve, but in one case the rate of supply of engines was 20 : | | | 
twice that of the other. | j 


There are many reasons which can be suggested for 
the form of this graph but the lesson here is that the 
first four to five engines must be got as quickly as 
possible. A reasonable rate of supply of the first six 
Experimental engines is one per month. 

The Experimental hand-built engines with little 
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tooling are naturally very expensive, but the latter half ao 
of the first year of development should see an appreci- nS OT OD 10 12 15 1415 16 17 181920 
able help from the Production Department which, by ENGINES 


this time, should be producing parts using jigs and Ficure 5. Average bench hours /engine/month. 
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fixtures. This should help to lessen the development 
costs considerably. 


8. Cost Control 

When the decision has been made to go ahead with a 
new engine the first step, as already mentioned, is to 
draw up a development programme so that the engine 
will be ready at a given date. This lays down a design 
completion date, the time when the first engine will be 
on test and so on, right up to the production stage. The 
whole point of laying out such a detailed programme is 
to enable us to have the right product at the right time. 

It is, however, equally important to produce the 
product at the right price. To do this a close watch 
must be continuously exercised to make sure that the 
budget is not being exceeded. A firm budget for the 
overall cost of the job is drawn up when the design has 
reached a stage at which it is known what the various 
components will look like and what they consist of. 
This supersedes the preliminary budget, which is drawn 
up at the inception of the engine project and is of 
necessity of a sketchy nature but is enough to indicate 
whether or not there will be sufficient funds to meet 
the project. 

Depending on the complexity of the job, and using 
past experience, the number of development engines that 
will be required is then decided and the running that 
will be necessary on them to achieve a satisfactory 
engine. 

A budget estimating the overall cost of the job can 
now be drawn up and hence the development “over- 
head” which must be borne in the selling price of the 
production engines can be established. By this means 
we can see at a glance if the envisaged development 
programme is feasible from a cost point of view. The 
composition of the development programme is therefore 
one of the major decisions made at this stage, as too 
generous a programme may well price the final product 
out of the market while too mean a programme could 
mean that the job would not be done in the time 
allotted. The art in drawing up the development pro- 
gramme is therefore an equitable balance between these 
two factors and is based almost entirely on experience. 
There is no simple empirical formula and each engine 
must be judged on its own merits. 

When a budget has been decided upon it is 
imperative that it be adhered to strictly. This is the 
responsibility of the Project Engineer. He must see to 
it that every test has a definite objective, that the test 
sequency is such that it avoids unnecessary stripping and 
building of engines and that one item does not 
invalidate a test as far as another item is concerned. 
Another very important aspect is the cancelling of 
manufacture of schemes that have been superseded by 
later ones. Omission to do this, besides being 
expensive in the manufacture of redundant parts, has 
the further undesirable effect of “tying up” valuable 
machine tools and thus delaying the manufacture of 
other, more urgent, items. 

If unchecked, it can reach quite a big proportion of 
the total manufacturing time and result in a large 
machine capacity being employed in making scrap. 


DEVELOPING 


433 


AERO-ENGINES 


It is easy to think only of the urgency of the latest 
schemes and forget about some of the others which may 
have been instructed months ago and which are no 
longer required as tests have shown that they did not 
give the desired result. Development parts are seldom 
ordered one at a time as the overall time allotted for 
development is too short for this to be done. Purely 
from a parts cost, this would be ideal where each scheme 
is tested in its turn until a solution is found, but life is 
too short for this approach and in some cases several 
schemes are tested on different engines at the same time 
towards the solution of one problem. 

It is only by continuous control that the overall cost 
can be kept within the budget. By this means it may 
even be possible to do the job for less than the budget 
figure but, unfortunately, this happy state of affairs 
never seems to be realised in practice. 


9. Instrumentation 

In the early days of development of aero-engines the 
instruments available to help the development engineer 
were limited and inherent weaknesses had to be exposed 
by prolonged running. Similarly, the effectiveness of 
possible “cures” had to be assessed by even longer 
running. 

The progress in instrumentation has been great, 
particularly over the past four or five years, especially in 
electronics, and this advance has been mainly responsible 
for shortening the development time—or at least for 
stemming the trend in this direction which is the result 
of increasing complexity. 

Development of an engine is mainly a question of 
measurements; knowing what is going on under different 
conditions of operation. If only this could be done 
adequately it would greatly reduce the runnning time 
and cost of development. When troubles occur the 
engine tries to tell us what is happening—the 
malfunctioning of some component in its system—and 
we must strive to provide instruments which will 
interpret its language. 

It is a matter of routine that the first engines should 
be built with the maximum of instrumentation which 
should be properly designed into the job alongside the 
main. engine design. An example of this is shown 
in Fig. 6. 

With a new engine it is usual to give it a short 
running-in period, followed by the conventional Military 
Acceptance Test of two hours duration, the total 
running time amounting to approximately four hours. 
During this time much valuable information can be 
obtained. The measurements at this time are usually 
temperature, pressure and movement—such as changes 
in certain clearances. As well as supplying data for 
later corrective action the special instrumentation is an 
added safeguard against premature damage of an engine, 
with the consequent loss of time. 

This applies especially to the turbine blade clearances 
which are visually observed throughout the early testing 
to ensure that no fouling occurs. A constant eye is also 
kept on the sealing air pressure as a reverse flow in the 
region of the turbine assembly would lead to over- 
heating of the turbine discs and their eventual failure. 
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Vent air flows are also checked and pressures and 
temperatures in the oil system recorded to detect any 
possible difference from the design assumptions. 

Successive engines should go to test with other forms, 
or additional instrumentation until at least the areas of 
known troubles have been explored over the range of 
conditions possible on a test bed. At least the third 
engine, or better still the second engine, should be 
equipped with compressor strain gauges for the first 
round of what is usually a lengthy investigation. 

The test programmes allocating the special tests on 
the various development engines must be drawn up in 
ample time before the manufacture of the engines to 
provide time for the inclusion of the required instrumen- 
tation. For example, in the case of strain gauging, 
additional blades, discs, and so on, should be ordered, 
gauges cemented and calibrated. so that they are avail- 
able to build into any engine. The complementary 
external equipment should also be available. 

Test priority should be given to those jtems likely to 
embarrass engine running during the early part of the 
development programme, followed by the more 
specialised test—such as dealing with transient condi- 
tions, effects of distorted air flow from intakes, and 
so on. 


10. Strain Gauging and Electronics 

The past few years have seen a great advancement in 
the technique of strain gauging and its associated 
electronics and it is in a large measure due to this that 
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Ficure 6. R.A.29 Instrumentation Diagram. 
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the rate of development has not lengthened, in spite of 
the increase in engine complexity. Several papers have 
been published on this subject, notably by Drew ' 

It is intended to deal only with some typical 
examples of its use and it will be interesting to see the 
progress made since I referred to this subject in my 
lecture before the Society nine years ago™”. 

Very small high temperature gauges are now used 
to obtain strain measurements averaged over an area of 
0-01 in.* to an accuracy of +5 per cent. Still smaller 
high temperature gauges having areas down to 0-004 in.* 
are commonly used for tests in regions of high stress 
gradient, such as in firtrees of turbine root fixings. These 
very small gauges serve largely as indicators of the 
frequency of a stress and the engine condition 
responsible for the greatest stress at a point of concen- 
tration. They may be used to determine whether a 
stress has been changed by a design modification. 
Fig. 7 shows an enlarged view of a firtree in a turbine 
disc. Large one quarter inch gauges gave an indication 
of stresses in many modes of vibration in the engine 
running range but did not disclose the mode responsible 
for the biggest stress. The small gauge left no doubt as 
to the mode which was responsible for the firtree 
cracking. 

Another advantage of very small gauges is illustrated 
in Fig. 8. The problem is concerned with the planet 
carrier. Here the area covered by the large (} in.) 
gauge and the small (0-075 in.) gauge is shown against 
the surface stress distribution measured in a photoelastic 
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Figure 7. Fir tree root failure. Dart turbine wheel 


model. The peak stress is measured photoelastically as 
32 tons/sq. in. The quarter inch gauge will, however, 
show the mean stress over its length as 23 tons/sq. in., 
whereas a correctly placed 0-075 in. gauge will show 
30°5 tons/sq. in.—a considerable gain in accuracy. 

Figure 9 shows a comparison between the size of 
the cold gauge normally used on the aerofoil section of 
a propeller blade, against one of the small gauges which 
are now in common use on engine components for 
fairly accurate measurements and the still smaller 
gauges used as indication of frequency and the engine 
condition responsible for the maximum stresses. 

With the larger gauges used some years ago, it was 
possible to observe the presence of vibratory stresses in 
engine components but not always possible to explain 
failures by the recorded amplitude. 

Small gauges are naturally critical to position; there- 
fore they must be accepted as complementary to the 
larger ones in widening the field of investigation. 

The use of small gauges will be referred to later in 
connection with turbine discs. 

Fixing of gauges is greatly improved; even for high 
temperature work, it is no longer necessary to delay 
engine builds for an extended period of heat treatment 
of ceramic cements; much more rapid setting cements 
are available and development work is in progress so 
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FIGURE 9. Strain gauge sizes. 


that gauges and ancillary wiring may now be fixed to 
engine parts with a hot alumina spray’ much along the 
same lines as a metallisation spray. It is perfectly 
practicable, subject to fire restrictions, to spray gauges 
on to jet pipes, combustion chambers or any other fixed 
portions of an engine while the engine is still on the 
bed and without having to delay testing for heat 
treatment after gauge fixing. 

Stresses are plotted fully automatically against 
engine speed during tests on normal test beds and in the 
High Altitude Facility, or alternatively, within a very 
short period indeed after flight testing has been com- 
pleted. Frequencies can also be plotted or, alterna- 
tively, obtained in digital form on digital counters 
operating typewriters completely automatically. This 
has resulted in greatly increased speed in mechanical 
development work. 

The reliability of gauges and their ancillaries, 
including slip rings and electronics, has now reached the 
Stage at which equipment failure is no longer a serious 
problem. 


11. Two-Shaft Engines 

The measurement of stresses in the high pressure 
compressor and turbine of two-shaft engines presents 
considerable difficulty due to the presence of the inner 
or L.P. shaft. Normal slip rings would have to be of 
large diameter and face up to high rubbing speeds and 
mercury slip rings, apart from difficult constructional 
problems, would be unsuitable because of the generally 
high operating temperatures. 

This problem has now been overcome, after 
considerable development effort, by what is known as a 
“High Frequency Coupling Unit.” This does away with 
slip rings and works on the principle of a transformer. 
The unit consists of two rotating coils carried by the 
H.P. shaft running concentric with two stationary coils. 
The strain gauge, which is normally polarised by d.c., 
is in this case polarised by high frequency a.c. of about 
80 ke. /sec. transmitted to one stationary coil. The other 
stationary coil receives the signal from the strain gauge. 

This apparatus represents a considerable advance in 
strain gauge technology and has already made a valuable 
contribution to the solution of a compressor trouble. 
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12. Flight Testing 


Some four years ago we changed from the telemetry 
equipment described in Refs. 1 and 2 to airborne tape 
recording, with the advantage of improved accuracy 
and removing the limitation of distance at which the 
test was carried out from the receiving station. When 
Studying stresses in guided missiles it is generally Ficure 10. Measurement of 
assumed that these travel in straight lines, always in the bearing load and cage slip. 
same direction, so that directional receiving antennae 
may be erected beneath the track and be linked to the 
main monitoring system. 


13. Other Applications of Strain Gauges 
Strain gauges are sometimes used where we are not CAUGE IN EACH OF 4 
interested in the values of the strain at all. A good 
example is for the study of cage slip in ball and roller 
bearings. A flat is milled on the outer diameter of the 


EQUALLY SPACED SLOTS 


| outer race of a bearing and a strain gauge on this flat to the corrective devices required to control the rate of 
‘ indicates the passage of a roller. A great deal of fuel flow during transient conditions. 
. knowledge has been accumulated in this manner on the Rapid admission of fuel by sudden opening of the 
conditions under which slip occurs of the cages in throttle from conditions of steady running is accom- 
§ : lightly loaded bearings. panied by a rise in compressor delivery pressure and a 
th By using four flats in quadrature on the outer races temporary reduction in air flow. This can cause the 
and studying all four together, it is possible to determine compressor to “stall” or “surge” and sometimes, 
whether a shaft is in effect rotating in the bottom of its extinction of combustion. (See Figs. 11 and 12). 
clearance or “orbiting” round in the clearance. Fig. 10 It is usually some function of this pressure rise 
illustrates a modified bearing fitted with strain gauges. which is used as a “signal” to the control system and has 
to be translated into mechanical movement to limit the 
14. Electronics in the Development of rate of fuel injection during acceleration. Usually the 
Fuel Systems signals are small, particularly at high altitudes, and the 
The fuel control system of a turbo-jet engine has response rates have to be high. 
grown into an extremely complicated unit due, chiefly, The Acceleration Control is designed to keep the 
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pressure ratio of the compressor below the surge line, 
as shown in Fig. 13. 

From performance considerations, the margin 
between the steady working line and the compressor 
surge line is relatively small and can, in fact, become 
much smaller where air intakes give rise to “flow 
distortion” into the compressor. (See Fig. 14). 

It is not easy to predict the flow conditions behind 
various air intakes under extreme ranges of flight 
conditions, therefore it can be seen that if engine 
“handling” problems occur in flight it is not easy to 
separate malfunctioning of the fuel control system from 
air flow distortion effects. An apparatus which has been 
designed for this purpose will record six engine 
functions together with time, and pilot’s speech. The 
essential functions required are engine speed, fuel flow, 
and compressor pressure. The remaining channels left 
spare can be used to record items of subsidiary interest. 
Fig. 15 shows the essential layout of this equipment 

Engine speed is recorded as a frequency. The signal 
is derived from a specially built tacho-generator with 
thirty poles, since the high frequency obtained in this 
way is found to be suited for studying rapidly changing 
transients. Accuracy to less than one r.p.m. can be 
obtained. 

Fuel flow is measured by a rotating vane meter in 
the form of a small alternator whose frequency is 
proportional to the rate of flow. Accuracy within one 
per cent of the true flow can be achieved both on the 
test bed and in flight. 

Pressure measurement is by means of a reluctance 
type transducer, the variation in pressure being made to 
change a frequency. A_ thermostatically controlled 
“oven” houses the transducer together with a frequency 
changer to provide a signal more suitable for recording. 
By means of this thermostatic control, “drift” of the 
calibration is reduced to negligible proportions. The 
accuracy is within 0°5 per cent of the maximum pressure 
the transducer will stand. Fig. 16 shows a photograph 
of the actual airborne equipment. 


Automatic Plotting table 


Ficure 17 


TAPE RECORDER \ 


\ 


CONTROL BOXES 


AMPLIFIER 


Figure 16. Airborne equipment. 


The recordings are made on a magnetic tape. They 
can be displayed for a quick view on a Cathode Ray 
Tube and photographed, or they may be directly plotted 
on a table such as shown in Fig. 17. A typical plot of 
fuel flow and compressor pressure is shown on Fig. 18. 
An advantage of this system is that where a number of 
functions are recorded, any function can readily be 
plotted either on a time base or against any other 
function. 

What do we obtain from this data? Firstly, the 
compressor surge line, i.e. the pressure ratio at which 
the compressor stalls, can be determined over a wide 
range of conditions in flight by the simple process of 
“setting up” the overfuelling line and deliberately surg- 
ing the engine by rapidly opening the throttle. This can 
then be compared with the surge line when operating 
with an ideal intake from either compressor rig tests or 
engine tests in the High Altitude Test Plant. It may be, 
and often is the case, that the air intake is mainly 
responsible for “handling” troubles. 

Corrections on the engine to compensate for intake 
flow distortion invariably result in some penalty in 
performance. For example, the pressure rise in the 
early stages of the compressor can be reduced, making 
the blading less sensitive to the air incidence on the 


FUEL FLOW GPH 


COMPRESSOR 


ENGINE RPM 
FiGurE 18. Fuel flow and compressor delivery pressure against 
engine r.p.m 
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Ficure 19. General view of the 7 ft.x 5 ft. Figure 20. The working section and FiGure 21. Typical model mounted in work- 


wind tunnel. 


blades, but this results in an overall loss in pressure ratio 
and reflects in a deterioration of the specific fuel 
consumption. This could of course be made good by 
the addition of another compressor stage but with an 
appreciable weight penalty—and cost. 

Another method is by increasing the turbine nozzle 
guide vane area and so lowering the pressure ratio; also 
a penalty on consumption. 

It is a matter of compromise between engine and air 
intake. Usually the correction has to be made on the 
engine and the accompanying penalty is accepted only 
with much protest. Secondly, any limits in the control 
system and rate of response are shown up by the 
information obtained. 


15. Air Intake Development 
The requirements of an air intake are that it should 
supply air to the engine over the complete range of 
engine conditions and aircraft flight conditions with : — 
(a) the minimum loss of total pressure, 
(b) a velocity distribution which will not cause 
engine handling or high blade stress problems, 
(c) no adverse effect on the aerodynamics of the 
aircraft. 
These requirements are generally in conflict with 
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Ficure 22. Air intake velocity distribution. 
(Measured in 7 ft. x 5 ft. wind tunnel.) 
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Ficure 23. Air intake velocity 
distributions. 
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structural and aerodynamic requirements and some 
compromise is invariably necessary. To wait for the 
actual aircraft flight tests is too late as the cost of 
modifications would at that stage of the programme be 
prohibitive, both in money and the time factor in getting 
the aircraft into service. The problem, therefore, has 
to be resolved by rig tests and some of these are as 
follows. 


15.1. MODEL TESTS 
(i) Low Speed 

These are usually done on a quarter inch scale model 
in a low speed wind tunnel, at speeds of about 
120 ft./sec. Figs. 19 and 20 are photographs of the 
7 ft.x 5 ft. tunnel and Fig. 21 shows a typical model 
installed in the tunnel. The free stream air is provided 
by a fan and to vary the ratio of the free stream velocity 
to the velocity entering the air intakes an auxiliary fan 
“sucks” the intakes. Comprehensive measurements of 
Pitot and static pressures are made at the plane 
corresponding to the compressor entry and from these 
the velocities and pressure losses are calculated. 

These velocities are expressed as the ratio of local to 
mean velocity at the compressor face (v/v) and the 
maximum value of this parameter (v,../v) is used as a 
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Ficure 24. Air intake loss coefficient. 
(Effect of flight speed.) 
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measure of the unevenness of distribution. A velocity 
distribution for a supersonic aircraft intake is shown ip 
Fig. 22. The velocity at one diameter only has been 
plotted as an illustration, but in actual practice the 
velocity distribution right across the face of the intake 
is recorded. Fig. 23 shows how the unevenness of distri- 
bution varies with aircraft conditions and Fig. 24 shows 
how the pressure loss coefficient varies under the same 
conditions. It will be noted that as the aircraft speed 
increases, the velocity distribution improves and the 
loss coefficient decreases up to a rather indefinite aircraft 
speed, after which both deteriorate. It will also be 
noted that as ground static conditions are approached 
the performance of the intake is getting worse very 
rapidly and to combat this effect auxiliary slots are 
provided in the intake which admit air under ground 
running conditions and at low flight speeds, but which 
automatically close at higher aircraft speeds. These 
figures also show the effect of incidence on the intake 
which occurs at low aircraft speed and, as would be 
expected, it causes a deterioration in the intake 
performance. 

The intake in question was designed for a supersonic 
application and therefore, as one would expect, its 
performance at low speeds is not as good as at the 
conditions for which it was designed. 


15.2. SUPERSONIC TUNNEL TESTS 

These are usually done on smaller scale models due 
to the expense of providing large masses of air at high 
speed. Tests are usually concentrated on checking the 
pressure recovery at the correct Mach numbers and 
Fig. 25 shows a typical plot of intake pressure ratio 
against Mach number. The theoretical pressure ratio 
with normal shock and normal shock plus duct losses is 
also shown. 


15.3. FULL SCALE TESTS 
In most cases, a full scale mock-up intake is made 
for rig tests under ground running conditions. A similar 
measuring section to those in the small scale tests 
is used. 
The rig can induce the correct engine flows through 
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Ficure 25. Supersonic air intake tests on a ;'gth scale intake 
model. 
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FIGURE 26. Comet 4 intake ground running tests. General 
arrangement of port outer intake on Nene suction rig. 


FiGURE 27. Velocity distri- 
bution simulator. Slat con- 
figuration for simulation of 


flight velocity distribution 
obtained from the modified 
intake 
La 


the intake and the tests provide a check on the effects 
of scale and surface finish. A typical full scale intake 
on the rig is shown on Fig. 26. 


15.4. VELOCITY SIMULATORS 

In order to check the effects of the intake velocity 
profile on engine handling, thrust loss and blade stresses, 
the full scale intake can be tested on an engine to 
represent ground running conditions. However, to 
represent flight conditions a simulator is produced which 
will give the velocity distribution appropriate to any 
flight condition as determined from model tests. The 
simulator consists of a cylindrical duct with a central 
bullet. Blockages of various shapes are mounted in the 
duct until the desired distribution is obtained. A typical 
simulator configuration is shown in Fig. 27. 


15.5. FLIGHT TESTS 

In some particular cases, measurements of intake 
conditions are made in flight. Rotatable Pitot/static 
rakes are mounted on a modified front bearing housing 
and are electrically actuated from the cockpit. 

Pressures are transmitted by means of a Scanivalve 
to a Heiland recorder. A schematic view of the rake is 
shown in Fig. 28 and Fig. 29 is a photograph of the rake 
fitted to an engine. 

Tests were made during take-off, subsonic and 
supersonic flight conditions and correlation with sub- 
sonic and supersonic model tests shows good agreement 
at low altitude, although there is some divergence at 
high altitudes as shown in Fig. 30. 


16. Development of Reheat 
16.1. SCALE MODEL TESTING 

The most difficult part of reheat combustion 
development is operation at low pressures, correspond- 
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Ficure 28. R.A.28 rotating Pitot /static measuring rakes applied 
to an air intake. 


ing to high altitudes, where chemical reaction rates are 
low; this brings up problems associated with combustion 
efficiency, stability and relighting. 

A large amount of testing must, of necessity, be done 
at sub-atmospheric pressures and therefore cannot be 
done on the test bed. The work, therefore, has to be 
carried out in an altitude test plant or, in its absence, by 
flight testing. The latter is not very satisfactory, is slow 
and expensive and is limited in the amount of 
instrumentation which can be employed. 

Considerable assistance can be obtained from the 
scale model testing by the technique known as “pressure 
scaling” in which, from a knowledge of the relationship 
between pressure and size, a scale model of the reheat 
system can be made to simulate conditions correspon- 
ding to much lower pressures on the engine. 

It has been found that the best method of obtaining 
similar performances from geometrically similar systems 
is to operate each unit at the same fuel-air ratio, 
temperature and velocity and at a pressure which is 
inversely proportional to its linear dimensions. Thus, 
scale model reheat systems can be operated at convenient 
levels of pressure and at relatively low cost and yet be 
simulating conditions corresponding to those experi- 
enced by the full scale system at extreme altitudes. 

It has been proved satisfactorily by experience that 
if close attention is paid to details of the scale model, 
very close agreement is obtained with actual flight or 
altitude test results on the full scale units. 
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Ficure 30. Air intake measurements during flight. Comparison 
of model and flight test results. 


AERONAUTICAL SOCIETY 


AUGUST 1959 


FiGuRE 29. Rotating Pitot rake flight tests. General view of 
the rake fitted to an engine. 


16.2. AIR FLOW DISTRIBUTION 

Air flow visualisation on a water analogy rig is 
another great help to reheat development. The water 
analogy rig, in conjunction with the development of 
combustion systems, has been discussed in previous 
papers. 

The scale models, which are made of Perspex, can 
afterwards be used on air flow rigs for quantative 
measurements of the pressure losses associated with the 
stabiliser and the fuel injection system. 

It can be said that scale models form an extremely 
important part in the development of a successful 
reheat system. 


17. Thermal Shock Rig 


We are all familiar with phenomena of thermal 
shock and know only too well that if boiling water is 
poured into a cold, thick-walled drinking glass it will 
probably crack. This, of course, is due to the thermal 
stresses caused by the uneven temperature distribution 
in the walls. 

A similar state of affairs exists in a jet engine where, 
during a start up for instance, the hot combustion gases 
are impinging on the cold nozzle guide vanes and 
turbine blades. The relatively thin leading and trailing 
edges heat up much more rapidly than the body of the 
blade, resulting in these components being subjected to 
a thermal stress. 

In the case of the glass, one such cycle was 
sufficient to produce cracking but luckily, this is not so 
with the materials used in jet engines. However, if the 
process is repeated many times it can, and does 
eventually, lead to cracking of such items as the nozzle 
guide vanes and turbine blades. This is referred to as 
“thermal shock cracking.” As already mentioned, the 
start up of an engine is one of the worst conditions from 
this aspect, especially if it is a hot or flaming start; 
accelerations also produce high thermal stresses in the 
hot end components. 

Tests are done on engines to investigate thermal 
shock but if we wish to evaluate a number of designs, or 
different materials, it is obvious that this will be a very 
expensive business. Evaluations are therefore made on 
a rig which simulates the engine conditions and only a 
confirmatory or clearance test is done on an actual 
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engine which incorporates the best design or material 
shown by rig test. 

The rig we use consists essentially of a flame tube 
which is supplied with fuel and compressed air to 
produce the hot gas at the required temperature. The 
hot gas is passed through a segment of nozzle guide 
vanes and then on to the turbine blades, which are 
mounted in a turbine disc as in an engine. In order to 
simulate the centrifugal stresses on the blades, they are 
loaded through pneumatically-operated jacks. The 
load and temperature can be varied and at the same 
time synchronised with each other and we are thus able 
to simulate the conditions under which the blades 
operate in an engine during start up and acceleration. 
In practice, the whole cycle is carried out automatically 
and, to speed it up, water is sprayed on to the hot 
components to cool them down more rapidly after a 
simulated shut down. Fig. 31 is a photograph of 
the rig. 


18. Thermopaints 

Since the end of the last war, we have made 
increasing use of thermopaints for estimating the 
working temperatures of various components in the 
engine. 

Special paints are used and these undergo colour 
changes at various temperatures due to chemical 
changes in the constituents of the paint. The process, 
however, is irreversible in that increasing temperature 
causes a colour change but subsequent cooling does not. 
This means that maximum temperatures only are 
recorded. The paints can be sprayed on, or applied 
with a brush and no special treatment of the surface to 
be painted is required, other than ensuring that it is 
free from dirt and grease. 

The colour changes are independent of the material 
on to which they are sprayed. That is to say, a similar 
colour change will occur at a given temperature whether 
the metal is aluminium or steel. 

All paints are calibrated for colour change, usually 
in a furnace, where temperatures can be accurately 
controlled and specimens are kept of the various colour 
changes at the known temperatures so that they may be 
compared with the colours on any item which may be 


Figure 32. A _ thermal 
painted flame tube after 
test. 
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Figure 31. Thermal shock rig. 


under investigation and hence its temperature estimated. 

The chief advantage of thermopaints over other 
methods of recording temperature, such as a thermo- 
couple, is in its simplicity of application. This is 
especially true where rotating parts are concerned. For 
a turbine disc, for instance, it eliminates the use of slip 
rings which are required with thermocouples. A thermo- 
couple registers the temperature at one point but there 
are many occasions when we want to know the 
temperature distribution over an area. This can be 
recorded quite easily with thermopaints, but an 
equivalent picture would require many thermocouples. 
Another point to remember with thermocouples is that 
their presence with their attendant leads, which have to 
be brought outside the engine to a recording instrument, 
may themselves affect the temperature just in the region 
where one wishes to measure it. Flame tube walls are 
an example of where this may happen due to the leads 
altering the cooling air flow. 

Generally speaking, if one is only interested in the 
temperature pattern of a component one paint is used, 
but if we wish to know the absolute temperatures then 
two or more paints are always used as a check on each 
other and also, to narrow down the range at which the 
colour changes occur. Most paints have more than one 
colour change point and some have several. 

For our own use, we keep in stock about 40 different 
thermopaints covering a temperature range from 40°C 
up to 2,000°C but have found that the great majority of 
our work is covered by some 17 paints spanning the 
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temperature range 40° to 1,150°C. Fig. 32 shows what 
a thermal-painted flame tube looks like after test. 


19. Altitude Test Plant 


To develop a jet engine successfully, in addition to 
all of the orthodox tests designed to establish the 
mechanical reliability and performance characteristics 
under sea level static conditions, it is important to 
establish its performance at all operating altitudes and 
forward speed. Until recently the only means at our 
disposal was to use an aircraft as a flying test bed for 
the engines under test. This, of course, suffers from the 
obvious drawbacks that a suitable aircraft may not be 
available at the time and, testing can be severely 
restricted by the weather. The amount of instrumenta- 
tion to check engine performance that can be installed 
is limited and certain tests, such as a temperature 
traverse of the flame tube, are not feasible. 

In a high altitude plant, the test conditions can be 
controlled accurately and the engine performance 
measured accurately. The test conditions can also 
be varied at will. One of the greatest contributions that 
a high altitude test facility will render is in the field of 
reheat development. Here most of the problems arise 
at low pressures and even if the system is designed 
primarily for a supersonic aircraft, a large proportion of 
the reheat operation is carried out at low pressures, such 
as lighting up and accelerations. 

The main tool in solving these problems will be the 
high altitude test plant which permits a greater degree 
of instrumentation and observation than is possible 
during flight tests. Up to the present time it has been 
more or less a matter of trial and error in an aircraft. 

The basic duty of a high altitude plant is to supply 
at the intake of the test engine, air at the correct 
temperature and pressure conditions for any selected 
altitude and forward speed. 

The Rolls-Royce plant has been designed to supply 
air varying from one p.s.i.a. to 55 p.s.i.a. over a range 
of temperature varying from -90°C to + 190°C. 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


AUGUST 1959 


Altitude conditions up to 70,000 ft. are fully reproduced: 
the input system provides air dried and cooled to the 
required degree and at pressures and temperatures for 
speeds up to a Mach number of 2:4. The exhauster 
system extracts the exhaust gases from the test chambers 
and maintains the desired value of air pressure at the 
engine final nozzle outlet. The total power, which is 
all electric, to drive the input and exhauster compressors 
is 132,000 h.p. 

Figure 33 is an aerial view of the altitude test plant. 


20. Safety 


The possibility of the complete loss of power of an 
engine has for long been accepted in civil aeronautics, 
resulting in a performance specification for the certifica- 
tion of an aircraft aimed at ensuring safety in the event 
of this happening either during take-off or at any time 
during subsequent flight. 

The possibility of fire in the power plant has also 
been accepted and regulations and specifications have 
been drawn up to ensure the maximum of safety. 


21. Fire 
The fire hazard is getting to be understood for 
different forms of installation but it is still desirable to 
carry out a complete full scale fire test on any new 
installation because small differences of installation, 
such as local pressure differences across cowlings, 
velocity and stagnation effects in the ventilation air flow 
through power plants, can have a powerful effect on the 
effectiveness of the fire extinguishing system. 

Such fire tests are extremely expensive, but highly 
desirable and Fig. 34 shows the sort of equipment 
required. The tunnel is an injector type powered by 
two Nene engines to provide an induced flow of air 
through the working section of the tunnel over the test 
wing surfaces to represent flight conditions. Fig. 35 
shows the Comet power plants installed in the tunnel. 

No doubt in time our knowledge will improve to the 
extent that we shall be able to reduce the expense of the 
testing time, but I think that we must always 
have the facility to demonstrate the effective- 
ness of the fire fighting equipment. 


22. Turbine Discs 

The most serious failure of a propeller- 
engine was the loss of a propeller blade and 
with a turbine engine—whether turbo-prop 
or jet—the bursting of a turbine disc can 
be equally disatrous. 

The adoption, at least in this country of 
ferritic materials, suitably cooled, in turbine 
discs has gone a long way to reducing the 
incidence of failure, aided by the design 
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Ficure 34. Fire tunnel Comet 4 
R.A.29 fire test installation. <}'s, 


technique (first introduced into civil operation on the 
Dart engines) of thermally insulating the disc from 
the turbine blades. This technique, it is good to see, 
is being generally accepted because design techniques 
having effects on passenger safety should never be with- 
held for competitive reasons. These items have been 
dealt with in previous papers. 

Although good progress has been made on the 
problem of turbine disc integrity, much remains to be 
done. The suppliers of power units for civil aeronautics 
have the moral obligation of a large and expensive 
programme of research before them on the subject of 
“Turbine Disc Integrity.” 

Let us deal briefly with some of the items: 

Naturally, the disc assembly must operate normally 
well below the ultimate bursting speed in order to 
ensure an adequate margin for production tolerances, 
material properties, and so on, and this has to be 
demonstrated. 


FiGure 36. Disc at instant of failure. 
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Comet 4 installation in fire 
tunnel. 


It is very helpful to know how failure 

takes place at the instant of bursting. 

The electronic photo flash unit provides 

a means of doing this and Fig. 36 shows 

)) a disc running at 23,000 r.p.m. at the 

\% instant of failure. The disc was surroun- 

ded by two concentric annular shrouds 

which are insulated from each other and 

across which a charge condenser is connected in series 

with a flash unit. Bursting of the disc distorts the 

shrouds, which triggers off the discharge from the con- 

denser to the flash unit. By this means we get a light 

intensity of one million candle power for one millionth 

of a second. By this method, the importance of damage 

marks and other defects on the safety of the dise can 
be explored. 


23. Fatigue 

Another problem is that of “cyclic fatigue.” 
Consider for a moment the connecting rod of a piston 
engine. The con-rod passes through a complete stress 
cycle every two r.p.m. or, as far as the major stresses are 
concerned, every one rev. In one 150 hour Type Test it 
will have done about 10 to 20 million reversals. 

The equivalent full stress cycle of a turbine disc is 
from starting up from cold, running up to maximum 
speed and then shut down. In a turbine engine type 
test it does only about 420 of these cycles. It would 
take a very long elapsed time and be an exceedingly 
costly business to build up the necessary experience 
over a sufficient number of samples if this were done 
on an engine. 

A rig cyclic test is found to be a good substitute. 
From the investigations made so far, it would appear 
unnecessary to have the accompanying temperature 
variation and a very good approximation is made by 
allowing a certain degree of over-speeding—of between 
10 per cent and 14 per cent. 


Vibrations 
It is important to ensure that no serious vibrations of 
the disc occur within the running range and, where 
possible, this should be a matter for survey by means of 
strain gauges. Some of the lower orders of the 
diametral vibration modes of the disc can synchronise 
with irregularities of the flow pattern from the com- 
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Figure 37. Dise cracking pro- 
duced by blockage test. 


by blockage test. 


bustion system, but usually the exciting force is too low 
to cause any serious amplitudes in the disc. However, 
there is always the possibility of failures in the com- 
bustion system, such as a blocked burner or the blockage 
of a segment of the nozzle guide vanes, which could give 
rise to serious stresses in the turbine disc. By 
calculation and experiment the number and pattern of 
blockage can be determined and it is usual to run 
engine tests in this form and determine the ability of the 
disc to deal with such contingencies. 


25. Fail Safe 


Cracks arising in the bucket serrations, usually due 
to stress pattern, tend to progress inwards into the disc, 
as shown in Fig. 37. This leads to the eventual failure 
of the disc in a manner illustrated by Fig. 38. This 
failure was produced by a blockage test. The aim 


Ficure 40. Loading rig for photoelastic model. 


Ficure 38. Burst disc produced 
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FiGure 39. Stress directions and crack propagation. 


therefore, should be to produce a stress distribution 
which controls the direction of the propagation of a 
crack such as to prevent the loss of a large portion of 
the disc. If the failure can be confined to a small 
portion of the disc, then the resultant damage will be 
minimised and the consequence of a disc failure no more 
serious than any other engine failure. 

Photoelastic work, supplemented by engine tests 
with blockage of the gas flow over various segments of 
the nozzle guide vanes enable an assessment to be made 
of various design features. The effect of different shapes 
at the bottom of the turbine blade bucket grooves can be 
observed and the expected path of crack propagation 
estimated, as illustrated in Fig. 39. A typical photo- 
elastic loading rig and model is shown in Fig. 40. 

These are but a few examples of the methods used in 
the study of the problem of “Turbine Disc Integrity.” 


26. Failures in Service 


It is sometimes extremely difficult to determine the 
exact cause of failure of a component in service, particu- 
larly if the component has previously had a good 
record. Usually such failures fall into a vibration 
fatigue category. 

The aim is, obviously, to reproduce the failures at 
will, on a test engine and, having established the 
conditions, assess the improvement of the proposed 
modifications. Very often, such failures are the result 
of a number of factors occurring simultaneously and 
may be difficult to reproduce in an engine. 

By careful study, it should be possible to subject the 
particular component on a rig to conditions which will 
produce an identical failure. Having established condi- 
tions of failure it is then possible to assess the order of 
improvement offered by design modifications. 


27. Conclusions 
It has only been possible to touch briefly on some of 
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engines the development period tends to get longer and 
it is mainly by specialised instruments that we can hope 
to reduce both time and cost. 

Much has been done already but I believe that much 
more can be accomplished in this direction 

Timing is all-important. A project has a technical 
or commercial advantage only at a certain date and 
usually such advantages are only short lived. 


Working closely to a well planned programme 
is essential, in order to meet dates and to keep 
development costs within the agreed budget 
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DISCUSSION 


J. Y. McDonald (Assist. Mgr. Engineering (Preston) 
English Electric Co. Ltd.): He was responsible for an 
engineering team concerned with the design ol diesel 
engines, and it had been inspiring to listen to some of the 
problems connected with gas turbines. 

Looking over the paper briefly before the lecture one 
or two remarks stood out. “ Development was a business 
in itself and not merely an offshoot of the general design 
ind production organisation.” This seemed a very pro 
found statement and he was sure that development 
engineers were extremely fortunate if they found them- 
selves sufficiently detached from the hurly burly of normal 
procedure to be able to work on this sort of footing 

Why did the development of a new engine take so 
long and cost so much—three and a half to seven and a 
half years? A project had a technical or commercial ad 
vantage only at a certain date and usually such advantage 
was short-lived. He imagined that one of the biggest 
problems that engineers had to face in visualising a new 
project was that it must ultimately be completed in time 
to take advantage of commercial requirements 

On instrumentation, quoting the lecturer's words 
‘When troubles occur, the engine tries to tell us what ts 
happening, and we must try to provide instrumentation 
which will interpret its language!“ That was a delightful 
way of conveying just how the engine felt under certain 
conditions. Unfortunately, it tended to talk with rather 
a quiet voice at times. Sometimes performance testing 
was really straightforward as compared with assessing 
durability and reliability while development work was in 
progress. They had heard a good deal about testing for 
performance and testing reliability It seemed that 
performance figures could often be achieved within a 
reasonable period, but to establish with certainty dura- 
bility and reliability, presented a much more far reaching 
problem. One aspect of this he thought, was that there 
was a tendency in development work to produce perform- 
ance figures and to consider them as satisfactory, when 
they had been achieved on a development engine 
assembled from components which had been manufactured 
with essential tooling only. Subsequently, when the same 
ratings were attempted from production units, difficulties 
were experienced, due to variations in manufacture arising 
from full scale tooling and the influence of operating 
conditions 

The type of power units which they were building for 
traction purposes at Preston were required to comply with 
extremely severe maintenance schedule requirements 
This involved 150 to 200 thousand operational miles with 
straightforward day to day maintenance only. They some- 
times felt envious of those associated with the production 


of aircraft engines, although the performance requirements 
were probably higher they appeared to be more fortunate 
in regard to periods of service running between overhauls. 

A specific point he would like to mention and seek 
some guidance on was that on their reciprocating engines 
one of the difficulties which they had to contend with was 
that, with the introduction of a gas turbine-driven com 
pressor the life of the journal bearing system still tended 
to cause some anxiely The safe working life of the 
bearing system of turbo blowers did not correspond to 
the running hours which could be obtained with other 
engine line parts between overhauls. He would be 
interested to know of the lecturer's experience in regard to 
the durability of the journal bearing system incorporated 
in gas turbines for aero-engine purposes and to know if 
there were some likelihood of achieving sustained running 
in excess of 4,000 hours between bearing replacements and, 
if experience showed that it might be possible to develop 
a plain bearing system which would give a greater degree 
of durability and an increased working life beyond that 
obtained with ball or roller bearings. 


Mr. Lovesey: His remark about development being a 
business in its own right was probably a matter of 
wording, because it was naturally integrated into the rest 
of the organisation but he was rather putting it that way, 
because before the War, development was looked upon as 
a necessary evil. An engine was designed in order to get 
it on to production, and all the fiddling about in between 
and the fact that one showed up some defects of the design 
was resented to a large extent. If one had to rely on 
production facilities to get experimental parts, because one 
was frequently modifying them, and altering them, then 
that was just an irritation to them, putting the job back; 
and so the development department gradually split off from 
an organisation which came under the normal production 
executive control. Under the Chief Engineer, the develop- 
ment department no longer had to go on its hands and 
knees to the factory to ask for new parts as it now had 
its own manufacturing facilities. Both production and 
development were, however, integrated under the normal 
executive control of the Company. 

The figures for the time-cycle he showed were just 
factual. Now one and a half years was, of course, ex- 
tremely short and seven and a half was ridiculous, although 
in fairness they should say that in the latter case factors 
other than engineering were largely responsible for fixing 
the time. They had got to get something in between that 
and he thought they struck a mean of something about 
four or five years which seemed to be the sort of time in 
which the job could be satisfactorily done, because this 
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usually went hand in hand with an aircraft project and the 
two were matched to the same time scale, if possible. 

He thought he agreed with Mr. McDonald on 
instrumentation, or the means of interpreting what the 
engine was saying and that it did speak in a very quiet 
voice on most occasions and they had to use their ingenuity 
to try and amplify that a bit. 

Performance, testing, and durability: this was in 
connection with the fact that when they got their produc- 
tion engines along, they did not, probably, behave like 
some of the earlier test engines. Well, that was well 
recognised and the attack on that was that, in order to 
keep the costs down, one had to start tuning up very early 
off the drawing board, and the important aim was to 
get the factory-produced parts into the engines as soon 
as possible. When a type test was done, one always took 
a factory-produced engine and frequently there was a 
difference in behaviour due to quite small differences. 
On questions of methods of balance, one could get the 
balance by various methods, all of which were supposed 
to give the same result, but one found that probably the 
production procedure to go to one end of that scale on 
that part was a bit easier. They would end up with the 
right balancing assembly, but could do the balancing in 
different places, and they had had cases where the run of 
production engines were all rough ones, and the experi- 
mental ones were perfectly smooth, and then it needed a 
lot of tracking back to see what the differences were, so 
the moral there really was to use, in the earliest possible 
stages, parts produced from production tooling. 

Commercial operators would get very annoyed if one 
did not get up to 2,000 hours between overhauls without 
touching the engines, very quickly in their life. These 
figures had now been achieved, and he did not know where 
the limit would be: probably up to 2,500. It was difficult 
at this stage to try and prophesy the ultimate life of parts 
but where one worked on the principle of guaranteeing to 
one’s customer a parts cost per hour, their experience 
showed that one could not make a profit unless a life of 
at least 5,000 hours was attained. 

They were accumulating experience on the lives of 
various components very rapidly as the Dart engine in 
civil airlines was running at the rate of 10,000 engine hours 
per day with a background running of some 7,000,000 
engine hours in civil operation. They had many parts 
which had done 10,000 hours running time. The rate of 
build-up of running time was much greater on engines 
engaged in civil operations than on those employed for 
military purposes. The number of military engines they 
had manufactured greatly exceeded the civil ones but, 
speaking from memory, they had only done somewhere in 
the region of 2,000,000 hours on all their military engines 
and that over a longer period of time. The maximum 
running time on any of the engine components, and they 
were relatively few in number, was about 1,000 hours. 

However, he felt that their background of experience 
already indicated that the gas turbine engine would be 
able to compete with other types of engine as regards the 
life of its components. 

With regard to the period of service between engine 
overhauls the position was that if one took the mileage 
covered as a basis for comparison and Mr, McDonald 
mentioned the figure of 200,000 miles with only daily 
maintenance for power units used for traction purposes 
on land, then the aero-engine was not doing too badly. 
Take the Dart engine, for instance, operating in the 
Viscount which had already achieved an overhaul life in 
excess of 2,000 hours. An overall average figure for the 
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block speed of a Viscount was of the order of 260 m.p.h 
and one therefore got a mileage figure between engine 
overhaul of over 500,000 miles. On the big jet aircraft 
they anticipated that they would double that figure. 

He did not think they had any plain bearings in jet 
engines, they were always ball or roller bearings. They 
had got a pretty low duty as with a fully balanced 
assembly the rotating loads were negligible and fortunately 
they were in a position, by suitable adjustments of the 
areas of the discs and the pressures which acted on them, 
to balance out as much of the axial thrust loading as they 
wished. They always had some axial load on ball bearings 
to stop them rattling about as the worst case was when 
the bearing had no load. Once the location, temperature, 
lubrication ete. of the bearing was right, they were practi- 
cally indestructible unless grit or dirt, such as metal 
chippings, got in and they tried to avoid that by filtration 
of the oil. 


W. A. Pennington (English Electric Aviation Limited, 
Associate Fellow): The name of Rolls-Royce was always 
associated with technical excellence and this enviable 
reputation stemmed, in large part, from the great impor- 
tance that the firm had always attached to Development. 
They had been given some insight into this process by a 
man whose work had established him as a supreme 
practitioner of this art. 

Although he could recall some memorable arguments 
across the conference table there was little in the paper 
with which one could disagree. For this reason, and be- 
cause he felt the lecturer had been too modest to do it 
himself, he would like to show the sort of progress that 
had been made in gas turbine design and performance 
which was due to the efforts of Mr. Lovesey and his 
opposite numbers in other firms. On Fig. A he had traced 
the development of thrust against time for a number of 
engines. If they picked the Avon, with which Mr. Lovesey 
had been closely associated, they saw that it had pro- 
gressed from an initial design thrust of 6,500 Ib. to almost 
double that figure. Similarly for the Conway which started 
life at about 9,000 Ib. thrust and was, at present, producing 
well over 17,000 Ib. 

There were a number of other ways in which this 
process might be illustrated; specific weight, for example, 
had been more than halved during the same period, specific 
fuel consumptions were down by about 40 per cent and 
similarly with all the various engine parameters. 

Thus they saw that tremendous strides in aircraft gas 
turbine design had been made since the end of the war. 
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This continual striving for increased performance, lower 
weights, and so on, had not been at the expense of engine 
reliability, as witnessed by the approved overhaul life of 
the Rolls-Royce Dart which was now over 2,000 hours. 
Similarly the R.A.29s in the Comet 4 entered service with 
an initial overhaul life of 1,000 hours. 

The full measure of the achievements of the Develop- 
ment Engineer was revealed by these facts. 

Having thrown Mr. Lovesey such a large bouquet he 
could not resist the temptation to try a brickbat. When 
Mr. Lovesey discussed Cost Control and the importance 
attached to planning, he received the firm impression that 
this was so closely controlled that the final bill agreed 
with the original estimate. But, in the Auditor General’s 
report for 1957-58 they found that the development of 
the Rolls-Royce R.A.29 was estimated in 1955 at £2.36M. 
In 1956 this estimate had risen to £7.6M. and the Ministry 
of Supply finally eccepted an ultimate liability of £8.8M. 

What were they to assume from this? That Cost 
Control was not the watertight process suggested, or that 
the customer was not told the real cost until he had 
signed the contract? 


Mr. Lovesey: He was quite prepared for the brickbats 
from Mr. Pennington because usually when they met they 
were sitting across a table and these marvellous improve- 
ments in thrusts of which Mr. Pennington spoke that night 
were never referred to on those occasions. 

He was certainly not going to try and answer about 
cost control and offer any excuses for it without having 
the detailed facts. If he were a politician he believed the 
answer would be that he required notice of the question 
or, alternatively, to tell them something without saying 
much—but, as an engineer he could not aspire to that 


T. C. Campbell (English Electric Co. Ltd., Associate 
Fellow): He would like to express his appreciation of the 
paper. He had found it exceedingly interesting, and this 
look behind the scenes had been considerably informative. 
It took his mind back a number of years now, to a time 
when turbines first appeared on the scene. Then he listened 
to a dissertation, not quite like this—very much more like 
a sales talk—in which the impression was then given that 
designing turbines was like falling off a log, that ail one 
had to do was to push up the diameter of this, and the 
size of that and then from one engine one got another, 
and that was how the thing was going to be. They had 
seen, from what Mr. Lovesey had told them that that 
prognostication was anything but true, and it looked as if 
the engine designers had acquired a lot of headaches they 
had not bargained for, some of which obviously stemmed 
from the advance in aircraft performance. 

Would Mr. Lovesey enlarge on his statements about 
the effect of intake duct distribution on surge? 


Mr. Lovesey: On the question of surge, he would try 
to over-simplify it, if he might. The compressor built up 
pressure as the air passed through it. Maldistribution of 
the intake air flow caused a big change in its resultant 
influence on the compressor blades and if one got a section 
of the intake subject to low velocity it meant that the 
angle of attack or incidence on the blade was coarse and 
it stalled just like an aeroplane wing. It only had to do 
this in one place and the whole flow collapsed as the 
pressure built up in the compressor was released forwards. 

There were several ways of trying to avoid this but an 
axial compressor of several stages had only got a very 
narrow set of conditions when all the blades were working 
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at their right incidence. At low engine speeds the angle 
of incidence on the blades of the early stages got very 
coarse and they were stalled, due to the fact that the later 
Stages were running choke as those blades were running 
with a negative angle of incidence and limiting the air 
flow through the compressor. 

At high engine speeds the reverse was the case—the 
early stages were choked and the later stages stalled so it 
was a bit of an art trying to get the compressor to work 
over a range of speeds. Naturally, one designed to get 
the maximum efficiency at the conditions where the 
engine spent most of its life, which, in the case of a civil 
application, would be cruising conditions. 

A compressor could be made less sensitive to intake 
maldistribution by reducing the amount of work one did 
on the early stages but if at the same time one wished to 
retain the same overall compression ratio then more stages 
had to be used and this inevitably led to a_ heavier 
compressor. 

At first sight, the two-shaft engine in which the high 
pressure part of the compressor was mounted on one shaft 
and the low pressure on the other, with both shafts running 
at different speeds to suit their individual requirements, 
would appear to be the ideal solution. This arrangement 
gave a compressor which was flexible over the speed range 
but because of its construction was heavier than the single 
shaft compressor. Assuming that the best design 
techniques and materials were employed, the only way to 
get the weight down was to put up the blade loading and 
thereby reduce the number of stages. They would see 
that they were now back to where they started and the 
solution in the end was a compromise between the two 
opposing factors of blade loading and weight. 


B. P. Laight (Blackburn Aircraft Ltd., Fellow): He was 
very pleased that the job of developing aero-engines had 
been referred to as an art because he thought that it 
really was an art. A great deal of science was behind 
the art but in manipulating this science to achieve the 
desired results there were a good many considerations 
which were certainly not scientific. 

When one received a paper from someone in a position 
such as Mr. Lovesey of Rolls-Royce, one was very con- 
scious of the reputation which Mr. Lovesey stood for, and 
had contributed to; the first thing he had looked for in 
the paper was the philosophy behind the way Mr. Lovesey 
and his company went about aero-engines. He would 
summarise it by saying that they tried to get the engineer- 
ing right, that was, the product must work, and they tried 
to get the time scale right. 

In addition, he believed that they tried to get the cost 
right, although little had been said about that except in 
the discussion. Perhaps wisely, Mr. Lovesey had kept off 
costing which was the most difficult part of any aircraft 
work. However, it was a subject, he thought, which was 
beginning to underline aircraft activities more than ever it 
had. The reason was that, through technical development, 
costs had been made large enough to shake even the 
country’s finances and they were having to look at them 
very critically for any new projects. He wondered if Mr. 
Lovesey could give any idea of what order of cost he had 
in mind for the development of the new engine and also, 
how in his development he kept his eye on the production 
costs. Some generalised figure was what he wanted, 
corresponding to the fact that for an aeroplane of average 
complexity the development cost could be given at £30-£50 
per pound of all-up weight and that the cost in production 
would be perhaps £6 per pound of all-up weight. 
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There was much that he would like to discuss on the 
engineering side but he had learned a great deal about 
testing techniques from the paper. Not all of the engine 
parts were made by the engine manufacturer. Many parts 
for his engines must be supplied from other companies 
and he would like to hear how Mr. Lovesey made sure 
that they supplied parts which achieved the same engineer- 
ing standards that were sought in the rest of the engine. 

He thought Mr. Lovesey would agree that development 
did not end in his own factory. As someone who put 
engines into aeroplanes and tried to make the whole thing 
work, he personally was well aware that some development 
was always needed when the engine went into an aircraft, 
and taking the subject of development in the broad, 
development did not stop even there. Things were learned 
about the engine while it was in service. He was sure that 
Mr. Lovesey was in close touch with this type of develop- 
ment and he would be glad to hear his views. 


Mr. Lovesey: All he would say on the cost side was 
that they tried to do a better job every time. Its impor- 
tance was fully realised, particularly now that companies 
were being thrown more and more on to their own re- 
sources. The initial estimate had to be very carefully 
considered as the consequence of overstepping the mark 
could mean putting oneself out of business. He thought 
they were all recovering from the war period when 
“ getting the job done quickly “ was of prime importance 
and cost came second. Now, the tendency was the other 
way and would get more so in the future, and it had taken 
a little time to really sink in, 

He was afraid he could only give a rough idea of the 
cost of developing a new engine up to the production 
stage, which would be of the order of £8,000,000, as 
recently disclosed by Parliament. This would not include 
the supply of engines for flight in prototype aircraft and 
the overall cost was, of course, dependent on the number 
of engines that were required for such purposes. 

With regard to the purchase of accessories from out- 
side suppliers, their practice was to issue a specification 
for the particular component giving the requirements such 
as flows, pressures, etc. as well as temperatures at which 
it must work, the life they expected, the date when they 
wanted it, and so on. This specification was sent to the 
various suppliers and if they were interested in the busi- 
mess they put in a tender for it. These tenders were 
examined on their merits and a selection made. After 
that it was really a question of working together to produce 
a satisfactory component. 

They also had a number of people to look after the 
installation aspects of the job, as they found by experience 
early in the Second World War a good number of cases 
of incompatibility of the engine with the airframe. This 
of course, was concerned with piston engines and covered 
such items as the radiator which was an engine requirement 
but mounted in the aircraft. The gas turbine engine was 
a more self-contained unit and although there were similar 
problems, there were nothing like so many. 

He agreed most wholeheartedly that development did 
not stop when an engine went into production. There 
were some who argued that it really only started when 
an engine went into service and although he would not 
agree with that view, they felt that service experience was 
most important and could throw up troubles which had 
not occurred during test bed running. 

In addition, they had men out in the field all over the 
world keeping in constant touch with the operators of their 
engines and those men could deal on the spot with many 
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of the troubles and queries which arose, many of which 
were of a minor nature but caused irritation if not dealt 
with speedily. 

They were still learning the business as far as civil 
aviation was concerned and would be the first to admit 
that they were not perfect by any means. However, they 
felt that they were justified in saying that if you put a 
Rolls-Royce engine in an aeroplane it worked. 


F. W. Page (English Electric Co. Ltd., Associate 
Fellow): Having received a copy of Mr. Lovesey’s very 
interesting paper, he naturally referred to his earlier paper, 
given before the Society in June, 1950. Mr. Lovesey 
must, he thought have satisfied a good many of the aims 
that he set out in that earlier paper. However, it was 
interesting to note that much greater emphasis now was 
given to time-scale, cost and competition, and in today’s 
circumstances one could not but agree with the Lecturer 

Time-scale was, of course, particularly important to 
the aircraft manufacturer, and it was very important to 
him to have an engine relatively free from development 
troubles when he was preoccupied with his own aircraft 
development. Although Mr. Lovesey took some time to 
explain how the many people at Rolls-Royce fitted to- 
gether, it was most helpful to have a large namber of 
specialists available for urgent work in time of trouble 

He was also interested in Mr. Lovesey’s choice of title 
for this paper, namely “The art of developing aero- 
engines.” Perhaps magic, which was sometimes referred 
to as a black art, was indeed used in developing aero- 
engines. As in magic, some had a particularly sure touch 
and the Lecturer certainly had. While he was still young 
in the Industry, Cyril Lovesey was well-known through- 
out the world for producing horses out of piston-engines, 
and it was fortunate that he was still with them in these 
difficult times for the Aircraft Industry, producing pounds 
out of jets. Thus, although it was his particular and 
pleasant duty to thank the Lecturer for the paper. there 
were, he thought, many people throughout industry who 
also wished to thank Cyril Lovesey for his own great 
personal contribution to the “art of developing aero- 
engines ; he would ask them to signify their appreciation, 
both of the lecture and Mr. Lovesey’s work in this field. 


J. F. Foss (English Electric Co. Ltd., Associate Fellow) 
Contributed: Mr. Lovesey’s experience of engine develop- 
ment had included both (a) development for performance : 
e.g. the Merlin of 1,000 h.p. before the war delivered over 
2,000 h.p. by the end of it; and (+) development for over- 
haul “life”: e.g. whereas in a military aeroplane in a 
hot war the engine could be changed every 50 hours as the 
price of that last ounce of performance which made a vital 
difference in combat, in commercial operation one needed 
at least 500 hours between engine changes; the develop- 
ment problems were in many ways quite different, but Mr. 
Lovesey had achieved 500 hours out of the same engine 
for which he had doubled the power output. 

Mr. Pennington had drawn attention to the increases 
in power output of turbo-jet engines, i.e. development for 
performance, and the questions were concerned with that 
other aspect of development, namely for reliability. 

Despite all the hours of bench testing that had gone 
on—at least 25 years on Mr. Lovesey’s showing—it was 
said to him recently, by someone concerned with Air- 
worthiness Administration, that engine failures in total 
civil operations were still at the rate of one every 3,000 
hours. It might be that, in terms of engine hours per 
failure, Mr. Lovesey could produce some far better figures 


3 i 
4 


THE ART Ol 


LOVESEY 


(and he had certainly seen better figures himself) but he 
did not consider the actual number of hours per failure 
to be so important at present as the fact, which he was 
sure Mr. Lovesey would readily admit, that whatever the 
frequency was at present, failure was insufficiently improb- 
able that any civil aircraft constructor would be able to 
sell today a large public transport aeroplane which was 
not designed to cater for failure of one or more of its 
engines at the most vital point in its flight 

Mr. Lovesey had mentioned the great deal of measure- 
ment which was used in his development of an engine 
The majority of these measurements were of stress at vital 
points and his records would certainly have included the 
engine conditions which were associated with those stresses 

He felt sure that Mr. Lovesey must have built up 
sufficient data to be able to show his firm, and he hoped 
them, how much they would have to de-rate a particulat 
type of engine to decrease the probability of engine failure 
almost to vanishing point: could he give them any data 
on the frequency of failure versus percentage power out- 
put which would show the penalty the aircraft designer 
(and his customer, the operator) would have to pay to 
obtain such reliability that engine failure could be neglec- 
ted altogether, provided that the engines were overhauled 
at the specified intervals? 

Those connected with civil aircraft design organisations 
had grown used to designing conventional aeroplanes with 
such characteristics that they could usually continue flight 
satisfactorily, both performancewise (in obstacle clearance) 
and in controllability, after failure of one engine, and 
sometimes of more than one engine at a time; but con- 
ventional aeroplanes were not necessarily their only con- 
sideration; e.g. the Americans were building a number of 
experimental military V.T.O.L. aircraft. Design for sur- 
vival after engine failure severely restricted the possible 
layouts of V.T.O.L. aeroplanes and (probably justifiably 
at this stage) in many cases, failure of an engine would 
seem to have been ignored by the constructor. But such 
layouts would not be suitable for civil V.T.O.L. aeroplanes. 

Most people would agree that the aeroplane market 
would increase much faster than the rate of growth of 
world population only if (a) the lowest fare level was 
reduced or (b) mass income levels rose. While the latter 
was no doubt desirable, they could only hope to influence 
the former. One way to do this would be to produce 
aeroplanes which did not have to carry an extra engine 
or two because its engines were not reliable 

This question had undoubtedly been thought of before 
but. with the great increase in measurement during aero- 
engine development in recent years of which he had 
spoken, it would seem that Mr. Lovesey might now be in 
a position to give a fairly reliable quantitive answer 

On another point: some people seemed to him to 
confuse reliability with long inter-overhaul life—or at least 
to assume that the latter automatically ensured the former 
In fact, as they well knew, long inter-overhaul life was 
unobtainable without reliability, and he imagined that 
the sanctioning of extensions to engine inter-overhaul 
periods was determined to some extent by the ratio of 
unscheduled withdrawals of engines from service to sche- 
duled overhauls: if that was so, then one would expect to 
see a decrease in the rate of unscheduled withdrawals, 
per engine hour run, with an increase in overhaul life; but 
the very slow decreases in “rate of engine failure per 
engine hour” with the passage of time made him wonder 
if this was so and to ask the question was increase in 
engine “life” in fact accompanied by a proportional de- 
crease in unscheduled withdrawals per hour run, or had 
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they fallen into the trap of thinking that they could never 
get over the engine failure problem and so decide to 
concentrate all the “ reliability ” effort available into pro- 
ducing long overhaul lives instead? 

One more question on an allied subject was that of the 
economic limit to increasing inter-overhaul life, to which 
Mr. Lovesey briefly referred 

The principal economic advantages of increasing engine 
life were: (i) greater aeroplane utilisation could be 
achieved if the frequency of engine changes was reduced; 
(ji) fewer spare engines needed to be held by the operators; 
but some people would add a third, the validity of which 
he regarded as doubtful, namely (iii) the direct cost of 
engine overhauls, per engine hour, was universely propor- 
tional to the inter-overhaul period 

One’s experience of a motor car engine was that the 
cost of servicing got greater as the hours run between its 
visits to the garage were increased and he believed that 
was true of the more “ planned’ maintenance associated 
with aeroplane engines 

If Mr. Lovesey were to show them that this third 
alleged attribute of long inter-overhaul life was fallacious, 
then the merits of using that reliability which made the 
long overhaul life possible for the purpose of increasing 
reliability between overhauls (so as to reduce the need to 
carry “spare” engines in the aircraft), instead of far ex- 
tending the period between them, could be evaluated 
much more rapidly. 


Mr. Lovesey: In their experience with gas turbine 
engines in civil operation, the engine failure rate of one 
in 3,000 engine hours was on the high side. They had 
attained a figure approaching half this rate. A substantial 
proportion of failures such as those of the fuel system or 
the ones due to fatigue caused by vibration were in no 
way connected with engine rating and therefore, although 
derating an engine would decrease the failure rate it would 
not, in his opinion, reduce it to such a rate that it could 
be ignored from a safety aspect. In military aircraft the 
risk was accepted as instanced by the single-engined fighter, 
but he did not think that a similar risk should be taken on 
civil operations 

With regard to the relationship of unscheduled engine 
removals to overhaul life, their experience indicated that 
the engine failure rate did not decrease very much as the 
overhaul period was increased 

The direct cost of engine overhauls per engine hour 
with regard to inter-overhaul period depended to a large 
extent on the ultimate life of the major, or more expensive, 
components. Depending on the relationship of those to 
each other for any particular engine, one arrived at an 
overhaul period when parts were rejected with still some 
of their life unused because their remaining life was not 
sufficient to carry over to the next overhaul period. For 
instance, say a part had a life of 3,000 hours, then with 
an overhaul period of 1,500 hours two overhauls would 
be carried out and the part utilised to its full life. If, 
however, the overhaul period was increased to 2,000 hours, 
the part would have to be replaced at the first overhaul 
and therefore one third of its usable life would be wasted. 

Due, chiefly, to this wastage, the cost of engine over- 
hauls expressed in terms per engine hour fluctuated with 
the inter-overhaul period and as Mr. Foss_ rightly 
suspected, was not inversely proportional to it. The ideal 
to be aimed at was to adjust the “lives” of the major 
components so that they were completely used up at an 
overhaul period 
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The American Aircraft Industry’ 


by 


DONALD W. DOUGLAS, Jnr. 


(President of the Douglas Aircraft Company, Inc., Santa Monica, California) 


HE KINSHIP of the English-speaking peoples, our 

common heritage of democratic ideals, and our 
close military alliance have created a unique relation- 
ship between the British Commonwealth and the United 
States. I know we both value it highly. 

I am mindful of this in saying that I feel that I am 
among friends here and that I appreciate your warm 
hospitality. Incidentally, my father received the same 
warm hospitality from you a quarter of a century ago 
when he delivered the twenty-third Wilbur Wright 
Memorial Lecture in 1935. 

The close relationship of our countries is nowhere 
more manifest than in aviation. We have used each 
other’s products, and often married them in one air- 
frame. Names like de Havilland, Vickers and Rolls- 
Royce are ac well known on our side of the Atlantic 
as, for example, those of Lockheed, Pratt & Whitney, 
and—may I say—Douglas, are over here. 

Indeed, a visit to one of our major airports often 
provides both visual and audible evidence of British 
success in selling us your products. I can assure you 
that we welcome all opportunities to reciprocate! 

British aviation has also contributed to our military 
air power, notably in the development of carrier avia- 
tion. The canted deck, steam catapult and mirror 
landing system are examples of the application of 
British ideas in the United States. 

The development of intermediate range ballistic 
missile power in Britain is an example of the American 
half of this reciprocating relationship. This programme 
is one in which my company plays an important rdle. 
We are both proud and pleased to be working in close 
partnership with the Ministry of Supply and the Royal 
Air Force. 

In preparing these remarks, I have had in mind that 
it might be useful, and contribute to our mutual under- 
standing, to lay before you some broad factors at work 
in the U.S. aviation industry, and bring to your atten- 
tion a few examples of the problems with which we are 
wrestling. 

A paramount fact affecting our Aircraft Industry 
is that approximately 85 per cent of its business is with 
one customer—the United States Government. The 
term “aircraft industry,” of course, includes the pro- 
duction of missiles and their power plants and vehicles 
designed for the exploration of outer space, as well as 
conventional aircraft. An overwhelming proportion of 
our business with the Government is with the Defense 
Department and various armed services. 


*A Lecture given before the Graduates’ and Students’ Section 
of the Society on 8th April 1959. 


In any discussion of the Industry, therefore, it is 
important to recognise this fundamental fact and to 
understand what our national policies are and what 
effects they have on the Industry. Because of this con- 
stant relationship, there have been regular fluctuations 
in the size and composition of the business. 

To give some indication of the impact of govern- 
mental policies and decisions, in 1939 American avia- 
tion employed 63,000 people and during that year pro- 
duced approximately 5,800 aircraft, of which about one- 
third were military. In 1943 the Industry reached a 
peak employment of 1,300,000, which resulted in peak 
production during 1944 of 95,200 aircraft. There was 
a rapid post-war decline to 237,300 employees in 1946, 
and of the 36,000 aircraft produced, only four per cent 
were military. 

After 1946 there was a gradual build-up in number 
of employees to a peak of 878,000 in 1957. Our cur- 
rent employment of some 760,000—although 100,000 
less than in 1957—still makes aviation the largest single 
manufacturing employer in the United States. In 1957 
approximately 12,000 aeroplanes were produced—5,500 
military and 6,600 civilian. 

The American Aircraft Manufacturing Industry not 
only has a serious responsibility for the nation’s security 
and welfare, but also exerts a substantial impact on the 
total national economy. Before going into the details 
of Industry’s operations, I would like to outline in 
general terms, some of the national policies which 
affect the welfare and capabilities of the Industry. 

I am in no sense a spokesman for the United States 
Government. What I say is my personal understanding 
of the Federal position as it has been expressed Over a 
period of years by those who head that government. 

The cold war in which we are now engaged may 
be a long one, and will continue to be characterised by 
military, economic and political pressures and threats. 

To be effective when and where needed, the free- 
world military forces must be in existence, trained and 
equipped with the latesi, most powerful weapons that 
can be developed and produced. 

There will be no time to produce weapons for the 
forces that will fight in a major conflict after the 
conflict has begun. The forces in being will fight with 
what they have in hand and are trained to use 

Finally, our weapons and the forces which use them 
must be adequate for the defence of the free world, 
but their cost must not be such as to induce a break- 
down of the free-world economy. 

In general, the weapons systems that would be used 
in any major conflict in the 1959-1962 period are now 
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in the final stages of development, in production, or 
in the hands of the combat forces. It is very doubtful 
that a major weapon system whose basic concept and 
design are fully approved today could be developed, 
tested, produced, delivered to a combat organisation, 
and used by that organisation in combat at the end of 
1962 even under the impetus of the very highest and 
most expensive priorities. 

It is within the framework of these considerations 
that the Aircraft Industry must carry out its changing 
assignments. Change is nothing new to the Aircraft 
Industry. It has been a basic characteristic since its 
earliest days. The history of the Industry has been one 
long saga of adjustment and readjustment to changing 
times and changing requirements. In recent years, how- 
ever, the degree of change has become ever greater 

The innovations extend across the wide canvas of 
manufacturing activities, from the type of product being 
built to the type of facilities needed to build it, from 
research through production, from in-the-shop skills to 
management techniques. 

Ten years ago, we had achieved supersonic flight 
only in experimental aircraft. Turbo-jet aeroplanes 
were in production for the military, but they were sub- 
sonic and very much in the minority relative to the 
total equipment inventories of the armed services. Some 
commercial aircraft had reached the 300-mile-per-hour 
speed level, but they too were in the minority. 

The guided missile as a weapon system was still 
“on the horizon.” The Industry had been conducting 
research in this area for years, but the missile did not 
come into its own until a series of breakthroughs per- 
mitted small-package nuclear warheads. At the begin- 
ning of 1950, there were a handful of missile types in 
various stages of test and other, more advanced types 
on the drawing boards: but no missile had reached 
operational status. 

Today, there are a number of missiles of operational 
capability, and even vehicles of intercontinental range 
have reached an advanced stage of development. Man- 
ned military aircraft have speeds twice that of sound. 
Even passenger aircraft now in service have attained 
performances which, ten years ago, were the sole pro- 
vince of the military. 

Man-made objects are now penetrating space beyond 
the atmosphere with regularity and preparations are 
being made to put man himself in space. 

In this era of technological progress, however. we 
have little time to stop and marvel at what we have 
already accomplished. Before we could adjust to the 
idea of manned aircraft flying at a Mach number of 

2, development programmes were started for aeroplanes 
which will fly at three or more times the speed of sound. 
And, while the Space Age is still in its infancy, scientists 
and engineers are devising new space projects, for 
scientific or military reasons, which would have made 
everyone gasp in astonishment just a few years ago 

As newer weapons began to reach operational status 
in the early 1950s, quantity requirements declined 
sharply. The mass production techniques of the Second 
World War were no longer applicable. Short produc- 
tion runs became the order of the day 
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At the same time, costs rose because of the increas- 
ing complexity of the weapons, dictated by higher per- 
formance requirements. During the Korean War, and 
for some time thereafter, it was the custom of the 
military services to order several types of equipment for 
the same job—for example, two or three fighter- 
bombers and two or more interceptors. This was a 
form of insurance, both from the standpoint of the per- 
formance of the aircraft and the production capabilities 
of its builder. 

Except in a few cases where the technological chal- 
lenge was so great as to warrant parallel developments, 
this approach disappeared as the emphasis shifted to 
individual, high performance, highly-complex weapons. 

rhe financial aspects of present-day aeroplane and 
missile building are not without their own complica- 
tions. 

The far greater emphasis which is being placed on 
research and development and new complex equipment 
has brought with it a spiraling climb in weapons’ cost. 
(Some of the newer weapons systems may represent a 
total investment of ten thousand million dollars by the 
time they have achieved operational readiness.) And, 
as cost climbed, the numbers of vehicles that could be 
procured at a fixed expenditure rate declined. For the 
financial year 1960, the buying programme recommen- 
ded in the United States budget provides for ordering 
only 1,610 aeroplanes for the Air Force, Navy and 
Army combined. The total estimated cost of this pro- 
gramme is the dollar equivalent of two and one-third 
thousand million pounds. This works out to an average 
cost of one and one-half million pounds per unit. 

There are no signs that a change in this trend is in 
prospect. In fact, as we enter the Space Age with its 
greatly increased performance requirements, the proba- 
bility is that costs will continue to rise and that fewer 
weapons will be produced. 

Even though the overall level of industry activity 
will remain fairly stable, the reduction in numbers and 
types of products purchased will work severe hardships 
on many firms in the Industry. To keep up with to- 
day’s dynamic technology, and to stay in business, 
Industry has been forced to reinvest in new plant, in 
new research, test and production facilities, at an 
unprecedented rate. 

Because of expenditure limitations, the United States 
Government is relying increasingly on the use of 
privately-owned facilities for defence work. To meet 
this demand, the Industry has spent more than two 
thousand million dollars for these purposes since the 
Second World War. and will quite likely have to invest 
another thousand million dollars, or more, within the 
next five years. It is interesting to note that the cost 
of building and equipping new plants is running about 
36 dollars—that is, £13—per square foot, compared 
with 12 dollars—or £4—per square foot during the 
Second World War. Yet these new plants are indis- 
pensable if we are to achieve the tolerances, perfor- 
mance and reliability required for modern weapons. 

If we add to all this the reduction in progress pay- 
ments, increased tightening of procurement regulations, 
the adverse effects of re-negotiation, and the increased 
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costs of research and development, including even the 
preparation of proposals, the financial problem con- 
fronting the Industry assumes major proportions. For 
example, one manufacturer recently reported that it 
cost him six hundred thousand dollars to submit an 
unsuccessful bid. 

Development of the new weapons systems— 
especially the guided missile—has had a profound effect 
upon the Industry, but the process of change started 
long before “ missile” became a household word. 

Before the Second World War most “ aircraft ” 
companies were really only airframe companies. They 
designed and constructed an airframe and then incor- 
porated into that airframe engines, instruments, naviga- 
tional equipment, communications equipment and 
armament that normally had been designed by, and 
produced by, someone else. 

The responsibility for shortcomings in performance 
or reliability was frequently difficult to determine. This 
led to a desire on the part of the Government to make 
the airframe contractor responsible for as much of the 
equipment and components as possible. 

As performance requirements increased, it became 
necessary to refine the components more and more and 
to design many of them specifically for the particular 
aircraft. No longer could this operation be a routine 
assembly of standard components. 

The application of electronics, hydraulics and 
pneumatics in control systems became a science in itself. 
During this period, Sir Frank Whittle’s gas turbine 
engine appeared on the scene, and rapidly increased in 
power and reliability. 

Many of the aircraft companies were foresighted and 
increased their talents in pace with the times. They 
entered the field of electronic controls and sophisticated 
navigation systems. Today, over 80 per cent of the 
missile business in the United States is in the hands of 
what is recognised as the Aircraft Industry. Of the 
missiles in production today, I know of only one that 
does not have at least one major component—frame, 
guidance or propulsion—produced within the Industry. 

The evolution through which we are passing has 
produced other changes. Corporate names, organisation, 
financing, personnel “mix,” research and manufacturing 
facilities—all have undergone some change and, in some 
cases, extensive change. 

Most of the new names appear in the new or 
reorganised corporate divisions with prefixes like 
Astro-, Rocket-, Space-, and suffixes line -dyne, -nautics, 
-neutronics, -avionics, and so on. New faces have 
appeared in the “aircraft industry”. Many companies 
previously engaged only in commercial production of 
home radios, TV sets, bookkeeping and accounting 
machinery, have become deeply interested in weapons 
systems because electronic equipment is essential to 
their functioning. 

Our labour force is also undergoing continuous 
change. New skills are needed, and new corps of 
technicians are being created. Comparable shifts are 
taking place in our scientific and engineering staffs. 
Formerly, aerodynamicists dominated the scene. Now, 
in ever increasing numbers, we employ physicists, 
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mathematicians, metallurgists, chemists, electronics 
engineers, nuclear scientists—in fact, almost the entire 
spectrum of scientific knowledge is represented. 

From January 1954 to January 1957, the aircraft and 
parts industry increased its employment of scientists and 
engineers assigned to research and development projects 
by 105 per cent. In the same period, the Industry and 
its suppliers increased scientific and engineering 
personnel by 75 per cent, while all industries increased 
such talent by only 30 per cent. 

Equally dramatic are the innovations in manufactur- 
ing methods. We are using tools undreamed of a few 
years ago and working with materials on a regular basis 
which were then only laboratory samples. We are 
designing tools to handle whole new families of 
materials, at the same time that we are developing the 
materials themselves. 

An interesting example is beryllium. At Air 
Materiel Command Headquarters near Dayton, Ohio, 
nearly half of the world’s known supply of sheet bery!- 
lium suitable for aircraft use is stored. Beryllium is 
six times stronger than steel on a strength-to-weight 
ratio, weighs about one-third as much as aluminium 
and will maintain its properties at 1,200 degrees 
Fahrenheit. 

An intercontinental missile constructed of beryllium 
could be fired into outer space, far above its presently 
designed altitude, using today’s power plants. The 
exceptional stiffness of beryllium would simplify the 
complicated ICBM guidance system, since the missile 
would be completely rigid in flight without the flexing 
and rippling caused by the “give” in softer materials 
used today. The guidance system would not have to 
correct and recorrect for each small change in direction. 

A Mach 2:5 fighter made of beryllium would weigh 
16.000 pounds less than the same fighter fabricated from 
steel. Translated into operating capabilities, this means 
the beryllium aircraft would have an 8 per cent 
superiority in altitude and a range increase of 16 per 

cent, apart from its great heat-resistant properties. 

Why is beryllium not used in aircraft and missiles 
today? 

First, this “stockpile” of sheet beryllium at Dayton 
is less than half the size of a page of this paper. It is 
kept in a filing cabinet. Aside from the supply problem, 
there are other serious disadvantages. It is highly 
toxic; machining operations would require a really 
effective evacuation system to protect workers. 
Beryllium is as difficult to machine as glass would be, 
and abrades all known cutting tool materials. Bending 
a piece of beryllium is as difficult as bending a sheet of 
plate glass. 

Cost is another serious problem. Beryllium would 
cost about two hundred dollars a pound, or more, 
installed on an aircraft or missile frame. This is more 
than four pounds sterling an ounce. 

Bringing beryllium out of the laboratories and onto 
the production lines is just one of the hundreds of 
problems facing the Industry today. 

For instance, the problems of machining are 
immense. Only 12 per cent of the total manufacturing 
effort of a Second World War fighter aircraft consisted 
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of machining operations. This requirement has in- 
creased to an estimated 30 per cent for some of today’s 
combat aeroplanes. There apparently exists an almost 
linear relationship between machining hours per aircraft 
pound and the Mach number of the vehicle. A very 
high performance aircraft could require as much as three 
machining hours for each airframe pound, or even more. 
This amount of machining is obviously prohibitive 

New methods of machining are proving of great 
value in solving manufacturing problems. Chipless 
processes, including chemical milling, electro-grinding,. 
and electro-spark, electrolytic and ultra-sonic §techni- 
ques are among the most successful. All of them utilise 
one or more of mechanical, chemical or electrical 
phenomenon to remove metal 

An industry engineer conceived the chemical milling 
method in 1953, and its most frequent application has 
been on aluminium. However, present development 
work is aimed at extending the chemical milling applica- 
tion to tougher metals. There are no cutting tools used 
in this process. The portion to be worked is left blank 
while an inert masking material protects the portion not 
being changed. The chemicals simply etch the desired 
pattern on the exposed area. 

The electro-spark method looks particularly promis- 
ing as we move towards harder materials. In _ this 
method there is little or no relative motion between the 
work piece and the “cutting” tool. The cutting tool is 
actually an electrode that produces the desired contours 
by pulsating charges of electrical energy which disinte- 
grate the surface of the metal. There is apparently no 
limit to the complexity of parts that can be machined; 
and, because of the inherent characteristics of the 
process, the harder the metal the better the result 

The U.S. Air Force is supporting a project to 
determine the feasibility of ultra-high speed machining 
of the new hard materials at the rate of from 30,000 to 
50,000 surface feet per minute. One test of this theory 
of high speed machining is interesting. A tool bit was 
fired from a rifle at a work piece to study the cut and 
plastic deformation. It is unlikely that we will be 
machining metal by firing it from a cannon, but I would 
not bet against it. 

Actually, the use of explosives as a machining 
technique is being developed now. Basically, the 
explosive method releases energy by a powder charge at 
such a high rate that the metal is punched or formed 
before it knows what happened. It is used to work 
materials so tough or brittle that they cannot be handled 
any other way. 

Another major manufacturing improvement is the 
numerical control of machine tools. One major aircraft 
manufacturer has described this as the most radical in 
the life span of his company. To put it simply, 
numerical control is the guiding of a tool over a piece of 
metal, without human intervention, by a series of 
instructions which were previously recorded in 


numerical code on tape, film or cards. Numerical 
controls have been applied to skin mills and to profile 
and contour milling machines. It is being extended to 
cover such operations as point-to-point positioning in 
jig boring equipment and spot welders. 
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Studies indicate that numerically-controlled tools 
will show an increased performance ratio from three to 
ten times as great as conventional production methods. 
There are other benefits, such as less set-up time, greater 
accuracy of dimensions, elimination of human error and 
less material scrap. Numerical control is being widely 
adopted throughout the Aircraft Industry to produce a 
better part more economically. 

Even the oldest form of the metal working art 
casting—has been improved. The methods we use today 
are a far cry from simply pouring metal down a hole in 
a sand pile. Special sands, using an organic binder, 
today produce casting of surface smoothness and 
accuracy of dimensions that were undreamed of a few 
years ago. Beyond this casting technique we are 
experimenting with moulds made of pure ceramic 
materials which are fired and glazed under very high 
temperatures to produce a mould of great accuracy and 
a finish as smooth as the best chinaware. 

The casting process offers the best chance to produce 
a part that will closely approximate the finished part. 
This cuts down the amount of machining required and 
permits the use of more general purpose machines, 
rather than the huge, specialised machines required to 
finish crude castings. For example, a landing gear door 
made from a one-piece casting, replaced 55 stampings 
held together by more than 1,600 rivets. In another 
case, a landing gear fork was made from a single casting 
which was 5 per cent stronger and 25 per cent lighter in 
weight than the three forgings formerly required. 

Jewel bearings, which are a vital part of our 
advanced guidance and control systems, provide an 
example of our efforts to improve manufacturing 
methods. During the Second World War, Switzerland 
was our only source of supply for jewel bearings. 
Getting the bearings out of Switzerland was a cloak-and- 
dagger exercise that rivals the Hollywood versions of 
undercover warfare. Now we have mechanised the 
production of synthetic jewel bearings to a point where 
we are able to produce 55,000 blanks in an eight-hour 
day with one machine, compared with a former rate of 
production of 300 to 400 a day by one person. 

We are exploring thousands of avenues in our search 
for new materials, as well as new manufac- 
turing methods—and materials and methods are 
interdependent. 

This is illustrated by sandwich materials—thin- 
gauge sheet metal exteriors with honeycomb or 
corrugated cores—which have solved the problem of a 
structural material with a favourable strength-to-weight 
ratio. Sandwich materials are being extensively used 
and we are trying to develop automatic fabrication 
machinery to lower the cost. 

Some of the new exotic materials we are concerned 
with today are zirconium, niobium, paladium, 
lanthanum and columbium. We are also at work with 
radio-active isotopes to study the changes that occur in 
basic metals when they are subjected to nuclear 
radiation. Tungsten may be changed to some yet 
unnamed material that will have greatly enhanced 
properties. We have today 98 elements and more than 
300 isotopes for creating new materials. 
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New processes and new materials have required the 
construction of specialised research and development 
facilities. These have been, and are being, constructed 
for almost every phase of weapons systems development, 
testing and manufacturing. For example, we have had 
to build facilities to test rocket power plants with thrusts 
of 1,000,000 pounds and other facilities to conduct 
research on ion propulsion units which develop only 
1/4200th of a pound of thrust. This apparently 
insignificant force has tremendous significance in 
frictionless space. 

Here is what the design engineers considered in 
constructing one of our new facilities: 

First, new foundations for the gyro assembly rooms 
had to be built within the main factory to still vibration 
effects from other plant operations and from street 
traffic. 

Plumbing and wiring had to be arranged so that 
maintenance could be handled from spaces between the 
“clean” rooms. 

Overhead lighting had to be designed flush to the 
ceiling. Since maintenance workers cannot be permitted 
in the clean rooms, they had to be provided with a 
crawl space in the roof for bulb replacement. 

Elimination of dust particles in the rooms called for 
an atmospheric control system which utilises charcoal 
filters. This system ensures that 99-8 per cent of 
airborne particles larger than 12 millionths of an inch 
are excluded from air entering the rooms. 

Temperature in the rooms had to be constant; not 
more than two degrees variation could be allowed, and 
in one case this was reduced to one degree. In this 
critical room, normally occupied by four men, the 
accidental entry of more than one additional worker 
could cause a disruption of the rigid temperature control 
system because of body heat, and production would 
have to be halted temporarily. 

To forestall dust collection, the interiors of these 
rooms could have no corners; they had to be rounded 
off. Walls and ceilings were covered with a special 
vinyl sheeting that must be washed every other day. The 
work benches, built of stainless steel, were extended 
from the walls in a cantilever design to eliminate leg 
supports, another possible source of dust collection. 
The floors must be cleaned daily by a special wet 
vacuuming process using liquid freon. 

Clean room design called for construction of air 
locks, through which parts to be assembled are passed. 
These parts must be cleaned before their entry into the 
assembly room; they must also be polished and 
examined under 45-power microscopes to permit 
detection of infinitesimal metal burrs. Dental drills are 
used to eliminate such burrs. 

Once inside the assembly room, the parts are cleaned 
again by ultra-sonic vibrations in water and detergent 
solutions. After the final cleaning, the parts are not 
touched again by human hands; they are handled 
mechanically by tweezers and medical-type tongs. These 
tools are subjected daily to the same cleaning process. 

Along with these precautions, equal care is taken to 
ensure that working personnel entering the assembly 
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rooms do not introduce dust. Entry is made in two 
stages. The worker must first doff street clothing and 
scrub his face and hands. He then enters a final 
dressing room where he puts on a “flying suit,” a hair 
covering and shoe boots, all made of lint-free nylon. 
Next, he passes through an “air shower,” which removes 
loose particles of matter. Such employees are carefully 
screened. A worker with dandruff. for instance, would 
be automatically eliminated. 

Conventional blueprints and paper pads for noting 
data are not allowed in the clean rooms, because the 
paper might shred. Paper has been replaced by special 
plastic sheets and the pencil has been eliminated in 
favour of the ball-point pen, because tiny pieces of 
graphite might find their way into a gyro assembly. 

In the earlier stages of manufacture of a missile 
component, where there is less need for these extreme 
precautions for cleanliness, there are other problems. 
For instance, the precision and tolerances of each part 
are such that, by comparison, a watch factory would 
look like a locomotive repair shop. Measurements in 
tenths of thousands of an inch are crude and completely 
unacceptable for some parts. The scale is in fractional 
millionths of an inch. 

I would like to touch for a moment on current 
major projects of the American Aviation Industry. 

| 

Lunar probes will be continued and there are strong 
indications that this programme will be extended to 
interplanetary probes. 

Development and production of the second 
generation of IRBMs and ICBMs will be carried 
forward. A _ highly-advanced intercontinental missile 
weapon system will reach advanced development, and a 
solid-propellant ballistic missile, capable of being 
launched from a submarine, will reach the production 
stage. Long range missiles that can be launched from 
aircraft will continue to be tested. 

Delivery of clustered rocket engines capable of thrust 
in excess of one million pounds is expected during the 
year, while development is being accelerated on a single- 
chamber rocket engine that will produce one and one- 
half million pounds of thrust. 

A new family of jet trainers is ready for the military 
services, along with jet-powered utility transports which 
can be used for training, reconnaissance and the 
transport of personnel and high-priority cargo. 

Parallel with our formidable accomplishments in the 
development of weapons, which we all pray may ever 
be used, has come the dawn of the Jet Age in commercial 
aviation. This is a long story in itself, 

But I think we may take satisfaction, and hope, from 
our progress in the production of ever-faster and safer 
passenger air liners. Six hundred mile-an-hour aircraft 
are already providing closer physical ties to match the 
spiritual links between our countries. We may look 
forward, I think, to even faster aircraft that will enable 
us to be still closer to each other. And in striving to 
achieve these more rapid, comfortable and economic 
means of travel we can be inspired, I suggest, by the 
hope that one day they will bring closer together all the 
peoples of the world, in prosperity and in peace. 
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Astronautics and Guided Flight Section 


Theoretical Principles of Guided 
Missile Systems 


Introduction 

A guided missile system is a very complex assembly 
of interacting sub-systems, and rarely fits into a neat 
mathematical framework; but the need for a sound 
theoretical background is perhaps even more acute in 
this than in other fields, because of the almost prohibi- 
tive cost of protracted experimentation and cut-and- 
try methods. A theoretical model—even an approxi- 
mate one—can greatly reduce the amount of experi- 
mental work necessary to prove a system, since the 
less efficient arrangements can be eliminated without 
a shot being fired. The use of simulators and com- 
puters, although indispensable, is in no way a substitute 
for this theoretical understanding: for the computer 
solutions can be obtained only for specific cases, and are 
of limited use unless they can be generalised to apply 
to other situations. 

In a single paper it is quite impossible to cover 
adequately the very broad field embraced by the title, 
and I shall not attempt to do so. I propose instead to 
consider some of the properties and arguments which 
are common to the many possible types of systems, and 
thus to underline the necessity for overall system study 
and design, rather than the haphazard assembly of parts. 

All weapon systems share the desire to hit a target 
—indeed, this seems to be the single common property 
of a bewildering variety of possible methods. The 
motion of the target always supplies an element of 
uncertainty, since the target is unwilling to supply 
information which leads to its own destruction; this 
emphasises the need for a guided weapon, i.e. a device 
capable of correcting its error with the aid of up-to-date 
information about the target. 

Even if the target is stationary—as, for example, in 
the ballistic missile case—guidance after launch is 
usually necessary, because there may be other disturb- 
ances in the system whose precise behaviour cannot be 
pre-calculated. These range from instrumental errors 
in the guidance and control system to winds and varia- 
tions in propulsive thrust—in a word, “noise.” The 
essential characteristic shared by all these disturbances 
is that they are random—they cannot be predicted with 
certainty from a knowledge of past values. If they 
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could they would have no significance, since one could 
remove them, in effect, by appropriate calibrations. 


System Characteristics 

Figure | shows the main features of a missile system. 
“System” here means the whole chain of events which 
begins with a target motion and ends with a corres- 
ponding motion of the missile. 6, is a measure of the 
target position or velocity in a suitable co-ordinate 
system, and 4, the co-ordinates of the missile in the 
same reference frame. 4, and 6, are compared in order 
to obtain the error, and some function of this is used 
as an input to the missile control system to adjust 64 
in such a way that the error is reduced. The whole 
purpose is of course to make #y =4,, either continuously 
or at some chosen instant. 

The comparison may be made explicitly or implicitly; 
on the ground or in the air. In fact, the various systems 
may be classified according to the way in which the 
comparison is carried out. For example, in_ the 
command guidance system the target and missile 
co-ordinates are determined explicitly on the ground, 
and correcting signals based on the error are sent to 
the missile via a command link. The ground equipment 
may also include the **?”’ box (Fig. 1), which determines 
the guidance philosophy, and which processes the error 
information in some way; so that the only airborne part 
is the missile and its control system. 

The beam-rider represents an intermediate stage; the 
target position is established on the ground, the error 
detector and the guidance box being carried in the 
missile. At the other end of the scale one has the active 
homing missile or the inertially-guided ballistic missile, 
in both of which all the elements are airborne. These 
latter systems must be regarded as the most sophisticated 

although not necessarily the best—weapons, in that 
they are entirely self-contained 

It should be noted that a particular method of 
acquiring target information does not determine the 
guidance philosophy, although the two are often associ- 
ated. For example, a homing system does not have to 
use proportional navigation; while the command system 
offers a wide choice of guidance methods, including 
beam-riding and proportional navigation. 

Having decided what the missile should do at any 
instant, it must now be persuaded to obey the guidance 


commands. First, we require an actuator, a device 
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which moves the controlling elements in sympathy with 
the weak signals which form the output of the guidance 
computer. The missile response will rarely be satis- 
factory without modification; for example, if aero- 
dynamic forces are used, the response is usually poorly 
damped and it is necessary to apply some form of feed- 
back, such as rate gyros and accelerometers, possibly 
combined with shaping networks to enhance the response 
and to avoid structural resonances. If jet forces are 
used a feedback system is even more necessary: a 
change of thrust direction gives an angular acceleration, 
so that positional as well as rate feedback must be 
applied. 

The aim is not to achieve a response identical with 
the input, but merely to suppress the worst features. 
The actual dynamic response is of no great consequence 
provided that it is known: it can be allowed for in the 
guidance box—as it will be if the system is designed as 
a whole. However, it is usually an advantage to have a 
linear response and, of course, the negative feedback 
does help to reduce the effects of non-linearities in the 
aerodynamic behaviour. This loop is variously referred 
to as the auto-pilot, control or inner loop, to distinguish 
it from the guidance, or outer, loop. 

The noise is shown (Fig. 1) as appearing at the input, 
with the target information. This is quite often the case; 
for example, in a beam-rider or homing weapon the 
radar noise appears as an apparent motion of the target. 
However, there are other sources of noise; gust disturb- 
ances affect the missile response, while noise on the 
gyros or accelerometers gives a spurious signal to the 
auto-pilot. But if the system is linear all these disturb- 
ances can be regarded as equivalent to noise at the input, 
through a suitable transfer function. 


Choice of the Overall Transfer Function 

Again, if the system is linear—that is, if it can be 
described by a set of linear differential equations—we 
may lump all these elements together, and describe the 
complete system by a differential operator H, the form 
of which depends on the characteristics of the individual 
elements. There are, of course, many ways of realising 
a given H—missile systems with different elements may 
still have the same overall response. 


FiGuRE |. 


SYSTEM OPERATOR 


We should like to make 4, =4,: this is impossible, 
because of the noise. The next best thing is to minimise 
the error. But neither 4, nor 4, are known, so we can 
only minimise the error averaged in some sense. A 
convenient criterion is the mean square error, which is 
given by 


o? = 1 —H (iw) (@) dew + H (iw) (wm) do, 


0 


Here H (im) is the frequency response of the system, 
i.e. its response to a sinusoid of angular frequency ©- 
and Py are the spectral densities of the 
target motion and of the noise. The equation is only 
true if 4 and 4, are stationary processes—roughly 
speaking, their statistical properties must be invariant 
with time. 

Evidently the mean square error depends only on 
the target and noise spectral densities and on the overall 
operator H. If there is no noise the second term 
disappears, and o* can be made zero by choosing H = | 

that is, the output is made equal to the input at all 
frequencies. On the other hand, if there is no random 
movement of the target (;=0) the first term is zero, 
so we can achieve zero miss distance by making H 
tend to zero. In practice this means that heavy smooth- 
ing can be used to eliminate the noise. However, when 
both ®, and “y share similar frequency bands, it is not 
possible to choose the best H by inspection, although 
from the general form of the expression it appears that 
an optimal solution should exist. The answer has been 
given by Wiener''’, the optimum transfer function is 


+ Py (@))* L (Py + Py J, 


In explanation of the notation, consider a function 
vu (w) of the complex variable then 


and 
where v*, ¥, have all their poles and zeros in the upper 
half plane, and v~, v_ have their singularities confined 
to the lower half plane. 
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From equation (2) it will be seen that the optimal 
system is completely defined by the spectral densities of 
the target motion and of the noise. By “‘optimum”’ is 
meant that system which minimises the mean square 
miss distance, taken over a large number of trials under 
similar conditions. 


The Optimum Operator with Acceleration 
Limits 

I have said that the analysis is only valid for linear 
systems. Although such systems are notable for their 
absence in real life, the method nevertheless provides a 
very useful starting point in the overall system study. 
There is, however, one type of non-linearity which 
cannot be ignored—that due to saturation, and parti- 
cularly the acceleration demanded of the missile. This 
must not be allowed to exceed a certain level for 
structural and other reasons. The linear theory can 
be adapted to cope with this situation by introducing 
constraints such that the limiting value is almost never 
exceeded, so that the system can be again regarded as 
linear. In other words, we ask the question, ““What is 
the optimal system in which the missile acceleration is 
not to exceed a given value?” 

Equation (2) is then modified to 


H (iw 
Aw!) + (Dy + Dy ()) 


Py 
(3) 
L(] +A (w*)~ (Dy (m) + Py ()) 
where A is a parameter which determines the missile’s 
r.m.s. acceleration. 

It is possible to introduce further constraints at 
different points in the system, in which case further 
parameters appear in the expression for H 

If we assume a spectral density for the target (/.e. 
its r.m.s. acceleration and the frequency distribution), 
the overall optimum operator, and the minimum miss 
distance associated with it, is determined by the noise 
and the permitted r.m.s. acceleration of the missile. So 
a series of optimum operators can be worked out for 
different levels of noise and missile accelerations, and 
the corresponding miss distances found. In the example 
of Fig. 2 the target spectral density has been taken as 


a 


w* (w? + 


where z and £ determine the target acceleration and its 
frequency distribution; this type of spectrum would be 
obtained if the target reversed its lateral acceleration at 
random intervals. The noise is assumed to be white, 
but at various levels (k*, 5k* and 10k’). 

The axes are marked as units of miss distance and 
acceleration; for brevity I shall refer to them as feet 
and gs. 

Suppose, for example, that the noise level is 10k?, 
and we are prepared to tolerate an r.m.s. missile 
acceleration of 4g. For this noise level and_ this 


acceleration there will exist an optimum operator, for 
which the miss distance is about 60 ft. Any other linear 
system will give a larger error. Each point on the curves 
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refers to a different optimum operator—the one appro- 
priate to the noise level and missile acceleration. 

This kind of overall picture is very useful: it shows 
quantitatively the benefits to be gained by altering the 
basic parameters which the designer controls—the noise 
level and the permissible accelerations. From the 
general shape of the curves it is evident that an increase 
in acceleration pays increasingly less dividends, and it 
may be more profitable to look for a reduction in noise. 
To take a further example, suppose we wish to achieve 
a miss distance of 30 ft. If the noise level is 5k’, the 
optimum system requires 7g from the missile. On the 
other hand, if the noise can be reduced to the k? level, 
only 24¢ r.m.s. is required. Of course, it costs money to 
move across the curves from the high to the low noise 
levels—to design more complicated or more powerful 
equipment to reduce the noise. It is also costly, in terms 
of missile weight and propulsion efficiency, to move to 
the right along the curves. The picture gives the “pay- 
off” for any combination, and indicates which way to 


gO 


The Beam-Rider 

Let us see how this technique can be applied to a 
beam-riding system. The noise will be determined 
mainly by the ground tracker—the auto-follow radar. 
Suppose this is known, and suppose further that we 
wish to achieve a miss distance of 40 ft. Then from 
Fig. 2 the missile acceleration will be 3-6g r.m.s. with 
the optimum system: so if the demand for acceleration 
is limited at 72g, the limits will be used for only 5 per 
cent of the time—assuming a Gaussian distribution. 
This ought not to invalidate the linear theory. 

Having selected the working point, we know the 
optimum operator. We must now ensure that the 
complete system does in fact have this transfer function. 
In essense the beam-rider (Fig. 3) consists of the auto- 
follow tracking loop on the ground and the missile-borne 
guidance and control system. We wish to ensure that 
the response from input to output is the optimum one. 
Some of the components will have fixed, or not easily 
changed, characteristics, e.g. the receiver or the actua- 
tors. But we are only concerned with the overall 
response; and this is most conveniently adjusted by 
inserting networks at the low-power level—at the points 
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P or Q. Given the characteristics of the various fixed 
elements, and knowing the optimum overall transfer 
function, we can easily calculate what these networks 
ought to be. 

Note that there are many ways of making up the 
optimal system; there is no particular requirement for 
the response of the missile system to beam movements 
this may be chosen on other grounds, provided that 
the overall system (which includes the tracker as well as 
the missile) is correct. It is noteworthy that a minor 
change of circuitry at these points can have a profound 
influence on the accuracy of the whole system, at 
negligible cost in space and weight. 

In a practical system there will be many departures 
from the theory which I have outlined. However, it 
does provide a starting point, and a criterion against 
which performance can be judged; one can then use 
computers to verify and amplify the theory, and to 
assess the influence of factors which have been neglected 
or idealised in the analysis. Indeed, this is the proper 
role for such machines. 


A Sea-Skimming Missile 
I should like now to consider briefly an example of 
a system in which noise appears at a point other than 
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the input. Assume that the missile is to fly low over a 
rough sea, and that we wish to maintain it at a constant 
height Ay above mean sea level (Fig. 4). We suppose 
that a measure of missile height above the sea surface is 
available—for example, from a radio altimeter, and 
that there is no error in this device. The altimeter then 
measures /A,, which is the missile height less the wave 
height. If we now compare the desired height A, with 
the altimeter reading /,, we obtain Ay + Aw — hy, so that 
hw must be regarded as noise associated with the true 
input Ay, and the flow diagram is as shown in Fig. 4. 
But in this case Ay is a constant, so that all the noise 
could be eliminated by heavily filtering the error signal— 
the noise and signal frequencies are easily separable. 
This would indeed lead to a perfect system if there were 
no other disturbances; but if the missile is flying over a 
rough sea it will also be in rough air, and vertical gusts 
will tend to deflect it from the desired course. And the 
more the signal is smoothed to eliminate wave noise, 
the more susceptible is the missile to gusts, because 
compensating action only occurs much later. 
It turns out that the r.m.s. error—that is, the 
standard deviation of the missile from the required 
constant height A;—is given by 


~ 


| A |? Pgdo+ 


0 


(The argument © of these functions has been omitted 
for brevity.) Pw is the spectral density of the wave 
noise, Pg the spectral density of the gusts, and A 
describes the aerodynamic response of the missile to 
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these gusts. It is now evident that heavy smoothing 
(H 0) will eliminate wave noise, but maximise the 
error due to gusts. At the other extreme, for a very 
stiff system (H — 1) there will be no error caused by 
gusts, but we shall incur the maximum error due to the 
waves—in fact, the missile will follow the wave profile 
about the desired height. 
If this expression is compared with equation (1) 


we see that the gust spectral density and the aerodynamic 
response take the place of the target spectral density Py. 
So we have the curious situation that, in assessing the 
error, the disturbance must be regarded as a true signal. 
The optimum system follows at once from the earlier 
discussion: we merely replace by | A The 
optimum so derived will have the property of minimising 
the deviation from a chosen height for a given wave 
noise and gust distribution, and if necessary a given 
acceleration limit. In fact the curves of Fig. 2 apply in 
toto if the gust had the distribution there ascribed to 
the target, and if the wave noise were white. 

The frequency spectrum of the wave noise would 
not be an easy function to establish—it would depend on 
the speed of the missile and its direction with respect 
to the wave direction. The same remarks apply to gusts. 
However, even a rough estimate would give a useful 
guide to the practical design. 


Target Strategy-—-The Game Theory Solution 

So far I have considered the target motion as an 
independent input to the system, in no way affected by 
the output. The target pursues its course with a 
profound disregard of the missile’s attempt to intercept 
it, apart from a general manoeuvre (?,) about its mean 
path. The situation may be likened to a footballer who 
has broken loose with the ball, and heads for a try with 
only the full-back to stop him. Unfortunately the 
attacker is unable to see the full-back, and therefore 
can take only general evasive action as he makes for the 
goal-line, in the hope of avoiding the defender. He 
would be better advised to watch the full-back, and 
co-ordinate his swerves with the defender’s moves. 

Let us see what happens if the target takes an 
intelligent view of the situation. We return to the 
general expression for the miss distance: 
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The missile designer has control over H; and, as we 
have seen, for a given ‘Py and @,, he can minimise ¢’. 
But the target has control over Py, (its manoeuvre and 
frequency spectrum), and this can be chosen to maximise 
o*?—the optimum condition from the target’s point of 
view. Both strategists are restricted in certain ways: 
the target has a maximum r.m.s. lateral acceleration 
which he can use for avoiding action, bearing in mind 
the necessity of accomplishing his goal; but he is free 
to choose the frequency spectrum of his manoeuvres in 
the most unfavourable way. The defender on the other 
hand is limited by noise, i.e. his information about the 
target is imprecise. He is also limited by the available 
missile acceleration. 

The situation is now much more complicated. The 
missile designer tries to minimise o* for an assumed y. 
But the target will then adjust @, to maximise a’, which 
forces the designer to change H, which changes ?,, and 
so on. In fact, we are describing a two-person game, 
in which the “pay-off” is the miss distance. As in 
other games, the best strategy for either player depends 
on what he knows, or thinks he knows, about his 
opponent’s methods. There are many possible situations 
to consider, but I shall take just two extremes. In the 
first, the target knows all about the defence—that is, he 
knows the transfer function H of the missile system, 
and the exact instant at which the missile will approach 
him. The optimum manoeuvre (Fig. S(a)) is then a 
series of reversals of maximum lateral acceleration, the 
instants of reversal being determined from a _ priori 
information about the transfer function H. In fact, a 
single side-step at the appropriate moment is a close 
approximation to this optimum manoeuvre—but the 
timing depends on a knowledge of the system. 

If the designer is to assume that the target knows his 
system, he can choose H to minimise the miss distance 
when the target adopts the optimum strategy (the 
designer of course can work out what this is). There 
is in fact a solution, and the resulting miss distance is 


min. max. 


=2-09 
(missile) (target) AN?ks’, (4) 


where A is the target maximum lateral acceleration and 
k? is the noise spectral density. It is assumed here that 
the system can be described in linear terms, that the 
noise is white and the permissible missile acceleration 
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is in excess of that required, so that saturation does 
not occur. Note that the miss distance is a function 
only of the maximum target acceleration and the noise. 

At the other extreme, we may assume that the target 
knows nothing about the defence or the time of launch 
of the missile. It can be shown that the optimum 
strategy (Fig. 5(+)) is then a random acceleration of the 
maximum possible r.m.s. value, distributed over a 
frequency band from 0 to »,, where 


So the target must try to produce white noise over 
a given band-width. Again, there is a best defence 
systein against this strategy, and the optimum H is a 
frequency function which depends only on this para- 
meter w,. The miss distance is now 


min. max. 
(missile) (target) mae. (5) 

It is interesting to compare these two results 
(equations (4) and (5)). The first was obtained on the 
assumption that the target knows the missile system 
transfer function and the time of closest approach; in 
the second the target has no knowledge of either. The 
additional information then enables the target to 
increase the miss distance by about 10 per cent—-not a 
tremendous advantage. It should be emphasised that 
the defence system must either know or estimate the 
maximum manoeuvre capability of the target, and the 
target must estimate the noise level: they both require 
A and k* to determine their best strategies. 

In either case we have arrived at a stable and 
predictable state, in the sense that if either participant 
departs from the optimal strategy the other gains (in 
survival chance or kill chance, as the case may be). 
Since neither side will do this, we have the situation that 
each knows what the other is doing, but cannot take 
advantage of this knowledge. The target can work out 
his survival chance from his knowledge of A and an 
estimate of k*. If the defence has led him to believe 
that k* is small, and his maximum A is such that the 
answer is unacceptable, then presumably he will stay 
at home. 


Self-Optimising Systems 

It is important to recognise that the optimum 
defence strategy depends on an estimate of the target’s 
manoeuvre capability. It turns out that, if the target 
does not employ its maximum manoeuvre, the miss 
distance is not greatly reduced. Now the target does 
not want to use its time and fuel in taking unnecessary 
avoiding action, so its best strategy appears to be to 
have—-or make the defence believe it has—a high 
manoeuvre capability, and then not to use it. 

From the defence point of view this is a very 
unsatisfactory situation: it is being bluffed by the 
target. A possible way out is to optimise the system 
in the light of the current situation as it develops, i.e. to 
adjust the system during flight. 

Let us suppose that we have optimised the weapon 
system, using a priori estimates of the target acceleration 
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A and the noise k*. During the actual flight the values 
may be quite different from the estimates: the target 
may decide not to use its full manoeuvre capability, 
or the missile receiver may be particularly noisy, or both. 
Clearly it would be advantageous to re-optimise the 
system for these new conditions. But to do so the 
missile must establish some criterion of its own perform- 
ance, in order to detect any departure from the optimum 
State. 

The information available to the missile system 
(Fig. 6) is the apparent error ¢,=6;+4 x —4%y, the true 
error of course being 6;—4%y. If we assume that the 
noise is white—as has been done for the previous 
discussion—it can be shown’ that the spectral density 
of the apparent error is also white, if, and only if, the 
system is optimum; and this result is independent of 
the target spectrum ®,;. Here then is a_ possible 
criterion: the apparent error is available, and we have 
only to determine whether or not its frequency content 
is uniform. The simplest way of doing this is to take 
two different filters F, and F, and compare their mean- 
square outputs. They will be equal only if the input 
is white noise. The filters need not be of the sharp 
cut-off type: in fact, they can overlap—the only require- 
ment is that they be different. 

The difference signal is a measure of the departure 
from the optimum condition: it can therefore be used 
to adjust the parameters of the missile loop until this 
quantity is zero, i.e. until the system is again optimum. 
Suppose, for example, that the noise, or the target 
manoeuvre, or both, were less than expected: then the 
general effect of the auxiliary loop would be to reduce 
the band-width of the system, thus reducing the error. 

There are many difficulties with such self-optimising, 
adaptive or sympathetic systems’, as they are variously 
called—not the least of which is that they are non-linear, 
and not simply time-varying. The choice of smoothing 
time-constants in the auxiliary loop poses a_ thorny 
problem, and if there are many parameters to adjust 
the system becomes very complicated. However, there 
is little doubt that some improvement can be achieved 
by taking into account the prevailing conditions, rather 
than averaging over all flights. 

To summarise: we have taken as our goal the 
attainment of the smallest possible miss distance. This 
is affected by two things—the complete weapon system 
and the target manoeuvre. To assess the potentialities 
of the defence system, we must take into account not 
only its dynamic performance, but also the reaction of 
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the target to that performance. There are two parti- 
cipants in the game, both having diametrically opposed 
views on what they regard as a favourable outcome. 
In fact, we are dealing with a feedback system in a 
competitive environment, and the input is not inde- 
pendent of the output. It is only by considering this 
complete situation that we can assign the proper weight 
to the various factors involved. 


Satellite Guidance 

Having pursued this topic to its logical conclusion 
and arrived at a stalemate, I propose now to consider 
briefly some of the guidance problems involved in 
launching a satellite. Here the environment is not 
competitive; but again the input may be a function of 
the output, although in a more concrete way. 

Suppose that the height of perigee and the eccen- 
tricity of the orbit (Fig. 7) are to have pre-assigned 
values, but that the position of perigee with respect to 
the launching point is of no particular consequence. We 
shall consider the motion in one plane only, and the 
Earth will be assumed flat with a gravitational field of 
constant intensity. These are not justifiable assump- 
tions, but they allow us to illustrate the problem by 
dispensing with much tedious mathematics. 

The motor thrust is assumed to be controllable in 
direction, but not in magnitude, and it will be necessary 
to cut off the thrust when the correct conditions have 
been reached: thereafter the missile follows a ballistic 
path. The apex of the ballistic trajectory, which 
becomes the perigee of the orbit, must occur at the 
given height A,; and at this point a velocity increment 
must be applied to give the required eccentricity. We 
may now choose to define a priori either the velocity 
at apex or the time from launch at which this occurs. 
In the former case the increment required at apex is a 
known quantity, but the time of its application must be 
deduced from the actual flight; while in the latter the 
time is known in advance, but the increment required 
is not. In either case the attitude at apex must be 
determined, so that the extra thrust at apex can be 
applied in the correct direction—horizontally. 

Let us take the former alternative—that is, we define 
the height A, and the velocity V at apex. It is evident 
that a choice of paths exists, since at any point it is 
possible to define a velocity which, if the thrust were 
cut off at that point, would carry the missile on a 
ballistic trajectory to the correct terminal conditions. 
In fact, if the missile is at any point (x, y), the horizontal 
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FIGURE 7. Satellite guidance. 


component required is evidently u.=V, the velocity 
at apex, since the horizontal velocity does not change 
during the ballistic phase; and the vertical velocity 
should be 

u,= ¥ [2g (h, — y)]. 


u;, Uy are thus the desired velocity components, in the 
sense that, if the missile can be persuaded to acquire 
these components at any position (x, y) the thrust can 
be terminated at that point. 

The actual missile velocity is of course (i, y); so 
that the velocity errors ¢,, ¢, may be defined as 

and 
[2g (h, — y)] -y. (6) 

We may now proceed in the accepted manner, 
namely 

(a) Determine the desired velocities. 

(b) Determine the actual velocities. 

(c) Use the difference between these to control the 

system in order to reduce the errors to zero. 


Ey=Uy— 


Inertial Navigation and Guidance 

Let us assume that the missile carries an inertial 
system, i.e. two accelerometers, stabilised in the x and y 
directions (Fig. 8). Their outputs can be used to 
determine the actual and desired conditions. 

Consider first the x direction. The integral of the 
x accelerometer gives the velocity x, which can 
immediately be compared with the constant V to 
determine <,. 

The y direction is slightly more complicated. The 
accelerometer responds only to impressed forces, so that 
the gravitational intensity (in this case a constant) must 
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Ficure 8. Derivation of 
velocity errors. 
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be subtracted in order to obtain the true missile acceler- 
ation. If a, is the accelerometer output, then ‘p=a, —g. 
Two integrations give the y-velocity and height, which 
is needed to compute u,: and this requires a square-root 
operation. A comparison with y then gives ¢,. 

Thus far we have obtained the velocity errors as 
functions of time. Since the motor thrust is only 
controllable in direction, we cannot null both com- 
ponents simultaneously; the alternative is to bring one 
of them to zero, and to cut off the motor when the 
other becomes zero. For example, suppose we use 
the vertical velocity error «, to control the apparent 
vertical acceleration a,; then the way in which the 
horizontal velocity x builds up to its correct value u, 
will be uncontrolled, and the instant at which ¢ =u, 
(i.e. the time of cut-off) will depend on the thrust history. 
It is therefore necessary to bring ¢, to zero before the 
earliest possible cut-off time, and to maintain it at zero 
thereafter, so that whenever cut-off occurs, i.e. when- 
ever + =u,, then y 

The controllable quantity is a,, the apparent vertical 
acceleration—this is also the quantity measured by the 
y accelerometer. The error is <,, and the problem is 
now to find a suitable function of this to control a,. 

The relation between «, and a, can be seen more 
clearly by differentiating equation (6): — 

Thus 


substituting for ¥ gives 


or 


Ficure 9. A possible guidance system. 


We now have to make a, some function of &£,, such 
that the asymptotic solution of this equation is «,=0. 
An obvious choice is simply a,=Ke,, since this intro- 
duces the necessary damping term; but the equation is 


non-linear. The non-linearity could be removed by 
choosing 


Qy=( K+ 8 € 
giving 

é,+Ke,=0, 
or 


—¢ e-Kt 
“vy > 


i.e. the vertical velocity error reduces exponentially to 
zero from its initial value. The constant K is arbitrary, 
except that it should be large enough to ensure that <, 
is sensibly zero before we are ready to terminate the 
thrust. 


We have assumed that it is possible to make a, = K¢,; 
in practise K will include the characteristics of the auto- 
pilot, and this would have to be taken into account in 
the design of the system. However, we shall commit 
no grave error by ignoring this aspect, since the 
frequency response of the auto-pilot can be made high 
compared with the band-width of the outer, or guidance, 
loop. 

The complete system is shown in Fig. 9. The 
x-channel is simple: we merely cut off the motor when 
«, vanishes. We have arranged that whenever this 
occurs ¢, will also be zero. The y system, however, is 
fairly complicated. The velocity error ¢,, or a function 
of it, is used as a demand to the auto-pilot to control 
the vertical acceleration a,, the function being chosen 
to make ¢, reduce to zero, and remain so, in an accept- 
able manner. The reciprocal-square-root operation may 
not be necessary—it has been included to linearise the 
¢, equation. However, the effect of its omission can 
only be assessed by computation. 
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This system is the result of what one might call the 
standard approach. The desired and actual velocities 
are computed and compared; the difference gives the 
error, which is used to establish an error-operated servo- 
mechanism. 


An Alternative Guidance Philosophy 

I should like now to approach the problem from a 
slightly different angle, with a view to simplifying the 
system. First, we recognise that the goal will be 
achieved if the velocity errors are brought to zero, and 
this may not involve calculating them explicitly. Second, 
the behaviour of the errors is of no consequence as far 
as the terminal accuracy is concerned, although we may 
wish to impose other conditions which ensure a reason- 
able powered path from the performance point of view. 

We return to the equation which defines the velocity 
error in the y direction at any time: - 

/[22(h, -—y)]-y (6) 
Now we know that for large ¢ (i.e. of the order of the 
earliest possible cut-off time) we require that ¢, should 
vanish, so that the asymptotic behaviour of y and y 
should satisfy the equation 
[22 (h, — y)] — =0, 
the solution of which is 
y=h,-—4g2(t+C)’ 


jy 2(t+C) 
or ay=0. 


The last equation is an important result: that the 
final acceleration due to impressed forces should be 
zero, i.e. the rocket must be in a state of free fall. This 
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Ficure 10. Alternative guidance systems 
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is a necessary but not sufficient condition; another 
condition is the relation between displacement and 
velocity defined by these equations. (The arbitrary 
constant C cannot be deduced from initial conditions, 
because the equations need only apply for large ¢.) 
In fact, it can be shown that the necessary and sufficient 
conditions are that the apparent acceleration should 
satisfy the integral equation 


( (s) ds }- | sa, (s)ds =h, (7) 


0 


for large t. There is a number of possible solutions to 
this equation; the simplest is an exponential function of 
time. Suppose that we make 


ay = 


Then we find that equation (7) is satisfied if 


The realisation of such a system is shown in Fig. 
10(a). The integrated accelerometer output is applied 
via a gain 2 to the auto-pilot; and assuming as before 
that this is perfect, we obtain the desired acceleration 
function. In fact, the integration is unnecessary—a 
condenser and resistance (Fig. 10(4)) will do just as well, 
and the two systems of Fig. 10 are equivalent if the 
gain is made (1 —27), where 7 is the time constant. 

Comparing the two systems (Figs. 9 and 10), we see 
that a considerable simplification has been achieved in 
the y-channel. The x-channel is the same, since the 
x-acceleration is uncontrolled. Both systems have the 
same general property: the velocity-error in the y- 
direction is reduced to zero, and remains at zero, so 
that whenever cut-off occurs (determined by x =V) the 
vertical velocity will have its correct value. The time 
of cut-off of course depends on the motor thrust, and 
will not be known in advance: hence the need to achieve 
the correct conditions in the y-direction for all possible 
cut-off times. 

In this analysis I have had to make many simplifying 
assumptions in the interest of clarity, and I do not wish 
to imply that either system could guide a satellite 
successfully. On the other hand, the same assumptions 
have been made in both, so in that sense they are 
comparable. 

For example, the choice of a simple exponential 
implies a high acceleration near take-off, and there is 
only one disposable parameter—the time constant— 
available for defining the climb path. Both these 
objections can be overcome by choosing a combination 
of exponentials. Two exponentials allow us to define 
the initial acceleration at some convenient value, and 
give two parameters with which to construct a suitable 
trajectory from the performance point of view. In the 
first system we can achieve this by replacing K by 
K/(1+pT), and in the second by adding another 
1/(1+ pT) to the existing one. 

A more serious shortcoming is that, since I have 
chosen to null the vertical velocity error—leading to 
a, =O0—then from the earliest possible cut-off time to 
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the actual cut-off time all the thrust will be in the 
x-direction, so that the attitude of the missile will be 
horizontal, which is rather disastrous from the perform- 
ance point of view. The way out is to tilt the x and y 
axes so that the final thrust is in a reasonable direction. 
For the particular goal which I have taken, i.e. a given 
velocity at apex and a given height at apex, the desired 
velocities expressed in the inclined axes are both 
functions of x and y, so that in both systems it would 
be necessary to introduce coupling terms. 

There are other difficulties. Nevertheless, it may 
still be possible to achieve significant gains in accuracy 
and engineering simplicity by carefully considering the 
guidance and control philosophy of the complete system, 
rather than the energetic but piecemeal concentration on 
sub-goals. 
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SUMMARY OF THE DISCUSSION 
(by R. N. A. Plimmer, Ph.D.) 


The discussion which followed was mainly concerned 
with the practical application of optimisation and the diffi- 
culties which may be encountered when certain axioms of 
the theoretical analysis are partially invalidated. Through- 
out, Mr. Burt stressed that it was the overall system which 
should be considered, including the possible information 
available to the enemy to take maximum evasive action, 
and that the theoretically devised system was a most useful 
guide in the development of a practical system. 

The first topic to be discussed was the effect on the theo- 
retical formulae for miss distance, or error, when the signal 
did not remain stationary and lasted, as in practice, for 
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only a finite time. Mr. Burt remarked that provided the 
signal remained stationary over a period which was large 
compared with the “ time constant” of the overall system 
then the formulae were still valid. He also said that the 
method was applicable to a homing missile, although the 
variable coefficient nature of such a system led to certain 
difficulties, particularly in regard to limiting the missile’s 
acceleration. 

The fact that the statistics of a signal could be con- 
tinuously changing immediately led to a discussion of the 
feasibility of a self-optimising system, i.e. one in which a 
sensing device dependent on the signal and noise adjusts 
the system to the optimum mode. The speaker pointed 
out the difficulties in general of finding a satisfactory cri- 
terion to be used for self-optimisation, although in some 
cases such a criterion was known. As an example he cited 
the case where the spectrum of the noise contaminating the 
signal was white: it could then be shown that the spec- 
trum of the error in the optimum situation was also white 
and that it was possible, simply by the use of two filters, to 
self-optimise the system. 

It was also asked whether there was any benefit to be 
gained by the intentional introduction of non-linearity into 
the system; and if non-linearity were inevitable in the sys- 
tem (the non-linear tail pitching moment of a beam-rider 
at low incidence was quoted as an example), whether there 
was any analogous theoretical treatment. The lecturer 
doubted whether much benefit could be gained by the in- 
troduction of non-linearity; for example, it could be shown 
that, if the distributions of signal and noise were Gaussian, 
then the best of all possible systems, linear and non-linear, 
was the linear one. He also said that the full analysis was 
not possible if the system was non-linear, and suggested 
that, in general, it would be advantageous to increase the 
feedback round the loop to decrease any inherent non- 
linearity. The possibility of including a human operator 
in the system was also raised. 

The discussion concluded on the practical achievement 
of such a system as regards the engineering difficulties and 
the tolerance of components. To this aspect Mr. Burt was 
able to say that the theory had been applied a few years 
ago to a beam-riding system, theory and practice being 
compared. The practical results were very close to the 
theoretical predictions, in spite of the fact that certain 
effects, e.g. the non-linearity due to downwash on the rear 
control surfaces, had been neglected in the analysis 
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Water and Ice in the Atmosphere’ 


R. F. JONES, B.A. 


Introduction 


Over the past years many questions which come 
under the broad heading of cloud physics have been put 
to the Meteorological Office by aircraft firms and others, 
questions on the water and ice crystal contents of clouds 
and the size distribution of raindrops are examples. 
These questions have invariably been easy to ask and 
at first sight the answers would appear to be straight- 
forward, but almost equally invariably these simple 
questions have proved difficult to answer with precision 
and in many cases estimates only have been possible. 
This may well appear surprising and it is the purpose 
of this paper to indicate some of the difficulties 
encountered. 

The paper will be concerned entirely with the cloud 
physics problems and will not touch upon the even more 
intractable problem of forecasting in detail where in 
Space, at any given time, certain specified conditions 
will be encountered. 

First to be dealt with will be the occurrence of 
super-cooled water in the atmosphere, since the icing of 
aircraft is a problem of long standing. Standards have 
been laid down of conditions with which anti-icing 
devices should be able to cope but even today these are 
still occasionally the subject of query and criticism and 
firm answers remain elusive. Next for consideration 
will be the ice-crystal content of the atmosphere. Until 
a few years ago it had been imagined that this was of 
academic interest only but it has since been demon- 
strated forcibly that there is a great practical interest in 
the matter. Certain engines, which take in enormous 
quantities of air and the accompanying ice crystals, have 
been shown to have their own special problems, and 
design standards which engine manufacturers will need 
to meet have been suggested. 


Having discussed super-cooled water and ice-crystal 
concentrations, which are primarily concerned with the 
small particles in the atmosphere, it then becomes logical 
to deal with the larger particles which are frequently 
present, raindrops and hail. The problems presented 
by hail when it reaches the size of golfballs or greater 
are too obvious to need stressing but, with the increasing 
speeds of modern aircraft, small hail and raindrops 
themselves can do damage. It becomes necessary then 
to assess the risk of encountering rain and hail and the 
sizes and concentrations which will be met. 


Before proceeding to a more detailed discussion, the 


*Based on a Section Lecture given to the Society on 10th March 
1959. 


(Meteorological Office) 


mechanisms by which water appears in the liquid form 
in the atmosphere will be briefly recapitulated. 


2. How Water in the Liquid Form Occurs in 
the Atmosphere 

Water vapour is one of the permanent but highly 
variable constituents of the atmosphere. Its source is 
at the surface and it is widely distributed by turbulent 
diffusion and by upward air motion. Upward motion 
of the air is broadly divisible into two types, widespread 
and slow uplift of vast quantities of air takes place, for 
example, in association with many fronts and de- 
pressions and localised, but rapid, uplift of smaller 
volumes of air in convection currents. When air 
containing water vapour ascends it expands and cools at 
the dry adiabatic lapse rate, which is very close to 
1°C/100 m., until saturated. Further ascent and cooling 
would then lead to the air becoming super-saturated 
were it not for the presence of large numbers of con- 
densation nuclei on which the surplus water, above that 
required for saturation, condenses. The numbers of 
nuclei effective in the process are usually’ a few hun- 
dreds per cm." and, because condensation from the 
vapour liberates latent heat, the rate at which the, now 
saturated, air cools on ascent is reduced to what is called 
the saturated adiabatic lapse rate, which is about 
0-6°C/100 m. in the layers near the ground and increases 
to a value close to the dry adiabatic lapse rate at great 
altitudes. We then have a visible cloud consisting of a 
few hundred droplets per cm.* with diameters of a few 
microns. Slow and widespread ascent leads to the pro- 
duction of extensive layer cloud of the stratus type and 
to continuous rain or drizzle while the more rapid ascent 
leads to cumulus or cumulonimbus cloud and showers 
or thunderstorms. In the stratus type clouds vertical 
currents will not usually exceed a few cm./sec. and 
cannot support droplets of diameters greater than about 
50x, but in cumulus clouds the vertical currents 
will often exceed one m./sec. and, in the more 
violent cumulonimbus clouds, 10 m./sec., sufficient 
to support even large raindrops. In the extensive 
layer clouds, therefore, there is little to prevent 
the fall-out of quite small drops but in some 
parts of strong convection clouds the vertical currents 
may be sufficient to retain much of the condensed 
moisture within the cloud. For this, and other reasons 
briefly considered in Section 3, the highest water con- 
centrations are to be found in clouds of convective 
origin which, because of the nature of their formation, 
are usually of limited horizontal extent. The subsequent 
discussion, therefore, will be mostly concerned with 


convective clouds. 
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3. Super-cooled Water in the Atmosphere 


Water in the reasonably pure state and in the finely 
divided form in which it occurs in the atmosphere, in 
drops from a few microns diameter to a few millimetres, 
is an anomalous substance in that it can be very 
considerably super-cooled. Indeed it can be said that, 
in the absence of ice crystals, atmospheric water never 
freezes at O°C and the degree of super-cooling to which 
it can be subjected is a function of the size of the drop 
in which it exists, large drops freezing at a higher 
temperature than small ones. Freezing appears to be 
initiated by the presence of motes within the drop, 
which are effective as freezing nuclei at different 
temperatures and the numbers which are effective 
increase with decreasing temperature. The chance of a 
drop containing a mote effective at a relatively high 
temperature is greater the greater the size of the drop. 
Laboratory experiments” show that drops as big as 
one mm. diameter do not usually freeze until the 
temperature falls to about —20°C while droplets of 
10-20u diameter mostly freeze at about — 30°C. On the 
other hand at temperatures below about —40°C all the 
water droplets in the atmosphere are likely to have 
frozen. Once some droplets have frozen, however, or if 
ice crystals are introduced into a volume containing 
super-cooled droplets, a continuous process operates to 
deplete the liquid content in favour of the ice crystal 
content by distillation from the water drops to the ice 
crystals. This occurs because the saturation vapour 
pressure over ice is less than that over water at the same 
temperature. If the ice crystals are relatively few they 
will grow rapidly by this method and may fall out of the 
cloud, collecting droplets as they fall, thus reducing the 
total content of the cloud. 

It is clear therefore that there is a possibility of 
encountering super-cooled water droplets in the atmo- 
sphere at temperatures between 0°C and —40°C and 
the probability of so encountering them will be high at 
temperatures down to about —20°C, unless the volume 
containing super-cooled droplets has been infected by 
ice crystals brought from a lower temperature, either by 
fall under gravity or by localised down currents. At 
temperatures below about -20°C the chances of 
encountering super-cooled water droplets will still be 
appreciable in clouds, such as convection clouds. which 
have only recently been formed but will be much less in 
clouds which have been a long time in existence as in 
frontal layer clouds. There will be intermediate condi- 
tions in which clouds will contain both super-cooled 
water and ice. 


4. The Size Distribution of Water Droplets 


Having established roughly the temperature limits 
between which super-cooled water, and therefore an 
aircraft icing problem, may exist, we require to know 
the concentration and the size distribution of the drop- 
lets of which the water is comprised. This latter 
requirement arises because of the different efficiencies 
with which various parts of an aircraft will collect 
droplets of different sizes. This is a function of the 
radius of curvature of the aircraft surface and its speed 
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as well as of droplet size. Thus a part of an aircraft 
having a radius of curvature of one cm. travelling at 
200 m.p.h. will collect only about half the droplets 
having a diameter of 10 but three-quarters of those 
having a diameter of 20. If the radius of curvature 
is increased or the speed decreased the proportion of 
small droplets caught decreases.“ 

The size distribution of droplets is a problem not 
amenable to direct calculation and recourse must be had 
to measurements made in clouds. Some idea of the 
problem can be gauged from Fig. 1 which combines 
some droplet measurements made in shower clouds 
with raindrop measurements® not made at the same 
time, at the ground. [Note that the concentrations are 
expressed per mmm. size range of diameter. The number 
of cloud particles, for example, with diameters between 
10u and 11u would be about 10***/ 10° =10°"°/m.*, and 
between 10u and 20u about 10°*/10? = 10"*/m.°]. 

Concentrations range over at least ten orders of 
magnitude and drop sizes over three orders of magni- 
tude. No single measuring device can hope to cope 
with such ranges and indeed, even with a combination 
of devices, the whole problem has not yet been solved. 
For small droplet sizes, diameter 3-80u, one method 
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has been to expose a slide coated with magnesium 
oxide or oil to the air flow for a very short period of 
time, of the order of 1/100 sec., and the imprints made 
by the droplets in the magnesium oxide coating or the 
droplets caught in the oil are measured. There 
are such vast numbers of small droplets that only a 
short time exposure can be used and this in turn means 
that only a small volume of air can be sampled, perhaps 
a hundred or two cm.* Even a volume as small as this 
will often contain 10,000 or more droplets so that the 
labour of counting and sizing is enormous and, in fact, 
only a small portion of each slide is examined under a 
microscope. Experience has shown that in most clouds 
the variation from sample to sample, even taken within 
a few hundred yards of each other, is great so that to 
get a statistical answer we require very many samples 
and these must be repeated in many different types of 
clouds at different heights and temperatures and prefer- 
ably in different parts of the world. Progress is 
inevitably slow. Further, the small volume sampled 
means that the larger drops, which are several orders of 
magnitude less frequent, cannot be sampled. These 
may nevertheless make a substantial contribution to 
total water content on some occasions [1 mm. diameter 
drop=1 million droplets of 10u diameter]. 

The Meteorological Research Flight and M.E. 
Department at R.A.E. are now measuring the distribu- 
tion of droplets with diameters greater than 100 by 
measuring the imprints they make on a continuously 
moving aluminium foil'*:”) but, as for cloud droplet 
samples, the work and flying involved in getting 
a statistically significant sample is formidable. Rain- 
drop size distributions (i.e. drops of diameter greater 
than 500”) have been measured on the ground? and 
these have formed the basis of some deductions 
regarding the volume distribution of large particles. To 
get reliable measurements of variation with height, 
however, will require many observations from aircraft. 


5. The Water Content of Super-cooled 
Clouds 


It is possible to work out from simple theory what 
the water contents of “idealised” clouds would be for 
various vertical extents and cloud-base temperatures. 
There are many ways however in which natural clouds 
fail to attain the ideal. The “ideal” cloud is one formed 
by the ascent of a mass of air, which may contain 
10 gm./m.* or more of water in the vapour form 
initially, and it is assumed that the products of conden- 
sation are retained within the ascending mass. It is then 
easy to show” that for a cloud base temperature of 
25°C, say, the water content reaches a maximum value of 
about 8 gm./m.° at a height of about 8,000 m. above the 
cloud base where the temperature would invariably be 
well below 0°C. Since 25°C is about the highest cloud- 
base temperature likely to be experienced anywhere in 
the world, the value of 8 gm./m.* gives at least a fair 
idea of the biggest concentrations likely to be encoun- 
tered anywhere in the atmosphere and, by varying the 
cloud-base temperature, some idea may be obtained of 
how the maximum concentration may vary in cooler 
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parts of the world. There are, however, several compli- 
cations in relating the “ideal” cloud to nature. The 
droplets formed by condensation on nuclei grow by 
diffusion and coalescence among themselves and, as 
temperatures decrease, some freeze and grow more 
rapidly because they are then in a_ super-saturated 
atmosphere. Ultimately by one or other process, or a 
combination of all, some proportion of the droplets will 
have grown until they have a significant fall-speed 
relative to the air in which they were originally formed. 
The water content of the initial mass of air will then be 
depleted by this process but may itself, except near the 
cloud top, be reinforced by drops or ice crystals falling 
from above. In some parts of the cloud this process 
may more or less be in balance but there can be no 
certainty of this. 

A more important modification of the water content 
is brought about by the mixing of the rising air with its 
drier environment. Some of the water content of the 
original air must then be used up in bringing the 
entrained air to saturation and the free water is spread 
through a greater volume. 

There is still considerable uncertainty how precisely 
this mixing is achieved and how much the “ideal” cloud 
we have considered is diluted. Some argue that the 
mixing is a thorough stirring process so that the effects 
of entrainment of drier air will be felt throughout the 
cloud, others that the mixing occurs primarily at the 
edges or top of the ascending air and that nearer to the 
centre of a rising current the full values of water content 
determined for the “ideal” cloud may exist, subject to 
the possibility of modification by fall-out. 

There are thus three factors which can modify the 
free liquid water content of the “ideal” cloud, (i) freez- 
ing of some or all of the droplets, (ii) precipitation and, 
(iii) mixing with drier air. Once again we are forced to 
attempt direct measurements and there are many 
difficulties. The two methods most commonly used“ 
for measuring super-cooled water content involve 
measuring either the rate at which ice forms on a 
surface exposed to the air stream or the heat required to 
evaporate the water impinging on a heated cylinder or 
wire. There are difficulties, not only because exposed 
surfaces will have a different efficiency of catch for 
different sized droplets, but also because each instru- 
ment has an upper limit to the concentration which it 
can measure. For ice accretion instruments this arises 
because of the latent heat given up by the droplets on 
freezing. If this heat cannot be disposed of quickly to 
the surrounding air or by other means only a fraction of 
the water caught will freeze, sufficient to bring the 
temperature of the mixture of water and ice up to 0°C 
and the remainder will flow back from the catching 
surface or be blown off into the slipstream in the liquid 
form. Thus each measuring device of this type has an 
upper limit, dependent on temperature, to the water 
content which it can measure. 

Heated wires and cylinders also have an upper limit 
and in addition cannot distinguish between super-cooled 
water and ice crystals when the two appear together. It 
is unfortunately true that most measuring instruments 
are incapable of measuring high water concentrations, 
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Ficure 2. Distances over which different values of water content were derived. Clear ice 
conditions only (84 occasions). 


greater than about 2 gm./m.°, although they are reason- 
ably reliable in lower concentrations. Thus we have a 
fair idea of the water concentrations of the extensive 
layer clouds in the atmosphere, in which the free water 
concentration is usually below this limit, but have 
inadequate information on the higher water concentra- 
tions which may be associated with convection clouds. 
The observations obtained are unanimous in showing an 
extreme variability in water content, ever in layer 
clouds, and this variability is still more pronounced 
within convection clouds. The chance of encountering a 
given concentration can therefore only be discussed sta- 
tistically and the natural variability of cloud formations 
combined with the large range of temperatures over 
which super-cooled water may exist make the acquisi- 
tion of comprehensive statistics, even with a perfect 
instrument, an almost superhuman task. Data are, 
however, being accumulated and the standards at 
present laid down are not inconsistent with the values 
so far obtained. 

A further way in which evidence is obtained is from 
the reports of pilots, using the aircraft itself as the 
measuring instrument. These are of a semi-quantitative 
nature in that estimates of ice accretion and the times 
over which they accrued are very difficult to make but 
they do at least give us knowledge of the types of cloud 
and temperature ranges in which icing is encountered. 
As true statistics they have many imperfections since 
there is a natural tendency to report only those 
occurrences which were exceptional in some way and 
reports of no ice accretion are rarely received. The 
reports are also biased by operating procedures and 


deliberate avoidance of clouds likely to give severe 
icing. Nevertheless, pilots may occasionally find them- 
selves inadvertently within such clouds and it is 
essential to have icing standards which take account of 
this possibility. Taking occasions of clear ice formation 
only, since they give the most reliable estimates of water 
content, an analysis of pilots’ reports’ has given the 
rough values of water content versus distance shown in 
Fig. 2. Another result was that icing was experienced, 
and so super-cooled water must have been present, at 
temperatures down to -35°C, although severe clear 
icing was uncommon at temperatures below about 
—15°C. Every type of cloud occurring within these 
temperature ranges was at some time or another 
responsible for ice formation on an aircraft. 


6. Ice Crystals in the Atmosphere 


It will be recalled that high concentrations of ice 
crystals have fairly recently been responsible for a new 
form of engine icing which has been particularly 
troublesome on the Britannia aircraft. Various steps 
have now been taken which have virtually eliminated 
this form of trouble but this has only been achieved by 
very thorough investigation by Bristol Aero-Engines 
Ltd., and by the Royal Aircraft Establishment. Briefly, 
the underlying cause of the trouble has been the fact 
that ice crystals, which normally bounce off a cold dry 
surface and are satisfactorily dealt with farther on in 
the engine, will stick to a hot or wet surface. If this 
surface is at the same time at a position in the intake 
where momentum separation causes the particles held in 
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the air to be thrown out against that surface, accumula- 


tion of ice crystals may result. These are held to the 
surface by a sticky mixture of melted or partially melted 
ice, o1, if the wall is wet, by the water film, until having 
reached a certain size they break away or slide along 
the intake wall and enter the engine. The engine is 
then subjected to a sudden dousing effect far greater 
than would be experienced by the normal ice content of 
the air. 

During the search for a cure a large number of 
special flights were made by a Britannia fitted out with 
special instruments. These have contributed statistics 
of a kind which would have been difficult to obtain in 
any other way and we are indebted to Bristol Aero- 
Engines Ltd. and to R.A.E. for making these results 
available to the Meteorological Office. The results will 
no doubt be published in the usual way but some 
preliminary analyses are available. The flights have all 
been made in extensive clouds in tropical regions fed 
from beneath by separate cumulonimbus cells. These 
are particularly extensive in the inter-tropical conver- 
gence zone especially over India, Malaya and the East 
Indies on the England to Australia route during the 
monsoon and over Africa. It appears that this extensive 
cloud at temperatures often between 0°C and — 20°C is 
thoroughly infected with ice crystals by precipitation 
from even higher clouds, notably the large anvil clouds 
associated with the more active cumulonimbus clouds, 
so that almost all its free water content is transformed 
into ice crystals. 

Dealing first with size distributions, the raw data for 
these have been imprints made by the crystals on a 
moving strip of aluminium foil (Fig. 3). Crystals bigger 
than about 50u in diameter will mark the foil. By 
diameter we mean the diameter of a circle which will 
have roughly the same imprint area as that from the 
crystal, which in reality may have many forms varying 
from thin needles to flat plates and spheres. The 
analysis of the foil is tedious and all that can readily be 
done is to take typical samples from the record and 
enlarge them photographically before counting and 
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Ficure 3. Ice crystal imprints on aluminium foil 
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FiGureE 4. Ice crystal size distribution in convection clouds. 


sizing. Fig. 4 shows the average result of 35 samples 
from the flights and gives the average size distribution of 
the crystals bearing in mind that any particular sample 
may show a wide variation from the mean. This 
variability is shown in Fig. 5 for one single flight and 
shows the variation in total numbers of measurable 
crystals per m.* with time on the flight. The variation 
even from minute to minute, corresponding to about 
5 miles, is considerable. Also shown in Fig. 5 is the 
variation minute by minute in total water content, 
measured by a new instrument devised by R.A.E., and it 
is clear that there is a correlation between total content 
and total number of ice crystals. Since the total number 
of crystals is governed almost entirely by the large 
numbers of very small crystals while the contribution by 
the larger crystals to total mass is dominant, this 
Suggests that the growth of large crystals does not occur 
at the expense of the small ones but that an increase in 
total numbers is reflected by an increase in each size 
range. Returning to Fig. 4 it is found that the expression 
N,,=1,000/D* is a remarkably close fit to the Britannia 
curve shown, where N,dD is the number of crystals per 

of diameter between D and D+ 4D mm. If the mass 
of each crystal were proportional to D*, as it would be 
if spherical, this means that the total mass content, 
proportional to =N,»D*, is evenly divided between 
equal size ranges. This is an intriguing result which 
may be merely fortuitous but one which one would like 
to see confirmed or otherwise by further measurements. 
The M.R.F. have also made some flights in the ice 
crystal clouds associated with isolated cumulonimbus 
and the mean of all their flights, made in much more 
variable conditions, gives a curve (Fig. 4) which is 
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remarkably similar to the Britannia results up to 
particle diameters of about 2-5 mm. This suggests that 
if the ice crystal content of tropical clouds is greater 
than those of the maritime temperate regions it is likely 
to be because of the presence of greater numbers of 
large particles. Certain other Britannia experimental 
results do in fact suggest that large particles contribute 
considerably to the total content of tropical clouds. 


7. Total Ice and Water Content of Some 
Tropical Clouds 
Measurements of total ice and water content have 
been made on the Britannia using a heated forward- 
facing scoop which collects the water drops and ice 
particles. All the flying was done in conditions in which 
the ice content was a high proportion of the total. 
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Figure 6. Mean values of total free water concentration in 
tropical clouds (water and ice). 


Measurements were made of the rate of flow of water 
from the scoop and after a long series of trials it is 
possible to say that the calibration of this instrument as 
installed on the Britannia is quite reliable for large 
concentrations, in which most of the mass is contained 
in large particles. Readings of the collected water were 
usually made every 4 minute or minute so that results 
obtained refer to minimum distances of about 2} miles. 
Because of the special nature of the flights, which 
involved searching for high ice-crystal concentrations 
and some orbiting to remain within them, the maximum 
distances over which high concentrations existed may 
be some exaggeration of those likely to be met on a 
normal straight flight. On the other hand the search 
racar was used to avoid the most active parts of the 
clouds so that higher values of total content than those 
found are not impossible. Fig. 6 shows the mean 
results from flights at Singapore, Darwin and Entebbe. 
The separate means of the flights made at the three 
different localities were remarkably similar but in 
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another series of flights at Singapore the higher values 
shown in the upper curve were found. The results can 
also be expressed in terms of the mean of the maximum 
continuous distances in each sortie for which various 
concentrations were exceeded (Fig. 7) and the extreme 
values from 60 sorties are also shown. These results 
are in quite good agreement with a tentative standard 
already put forward, which was based in part on 
theoretical assessment supported by radar evidence of 
the horizontal dimensions of precipitation areas within 
cumulonimbus cloud masses 


8. Raindrops in the Atmosphere 

The fact that raindrops and hail present a real 
problem to designers can be judged by Figs. 8 and 9. 
Fig. 8. which is reproduced by courtesy of the Director 
of R.A.E., shows the effects on a radome of exposure to 
a moderate rate of rainfall for 5 minutes at a speed of 
350-400 m.p.h. Fig. 9 shows the damage to the 
leading edge of the tailplane and one fin of an 
Elizabethan aircraft of B.E.A. after flying through hail 
above Lyons.’ At higher speeds the damage would 
have been substantially worse. 

The question arises of how frequently large particles 
of rain or ice will be encountered and in what 
concentrations at different heights in the atmosphere. It 
is thought that raindrops of 2 mm. diameter or greater 
are significant in this connection. The only data at 
present on raindrop size distributions have been 
acquired by measurements made on the ground. 
Measurements in the air are being slowly accumulated 
by means of the aluminium foil instrument. The ground 
measurements, which have virtually all been made in 
temperate climates, give very similar mean results. As 
with most other meteorological statistics there are wide 
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Ficure 8. Effect on radome of moderate rain for 5 min. when 


travelling at 350-400 m.p.h. 
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variations from the mean on individual occasions. Mean 
results for drop diameters greater than one mm. fit quite 
well an empirical expression N, = Ke“? where NpéD is 
the number of drops of diameter between D and D+ oD. 
When N is expressed in no./m.* and D in mm., K is 
given by 8,900/R°*’ sinh(R ) and a by 4/R°*”, 
where R is the rate of rainfall in mm./hr. The number 
of drops bigger than 2 mm. diameter is then 


os , 
Ke-*°9dD =Ke~*/a 


Strictly the upper limit should be the maximum 
diameter a raindrop can attain without disruption, 
about 6 mm., but the difference on _ integration 
is negligible. Mean volume concentrations in the 
air near the ground in different rainfall rates can 
therefore readily be obtained but we need to know the 
horizontal extent of rainfall of different intensities and 
the variation in the vertical. All rainfall statistics are 
point statistics and are mostly concerned with total falls 
over relatively long durations. Instantaneous rates of 
rainfall have rarely been measured so once again we are 
forced to various devices to transform the statistics we 
have into those we need. It is impossible in this paper 
to go into details but one new method of measurement 
in recent years has transformed our knowledge of 
rainfall patterns and the distribution of precipitation in 
the vertical. This has been the use of radar. Fig. 10 is 
an example of the radar P.P.I. display in conditions 
when heavy showers and thunderstorms were occurring 
and Fig. 11 gives a vertical section through the echo 
received from a thunderstorm on a particular bearing 
from the receiver. It has been shown that the echo 
power received from a volume containing N raindrops 
per m.° of diameter D is directly proportional to = ND*, 
the summation being used because of the varying sizes 
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Ficure 9. Damage caused by hail to central fin of tailplane ot 
Elizabethan aircraft. 
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Figure 10. Radar P.P.I. picture showing echoes from precipita- 
tion from cumulonimbus clouds. Circular markers are at 
5 mile intervals—max. range shown 65 miles. Wavelength 
10 cm., peak power output 500 kW. 


within a volume. This is a rather awkward parameter 
but using the empirical raindrop size distributions it has 
been shown that echo power is proportional to R’, 
where 6 has a value about 1°6. Provided therefore that 
the form of the raindrop size distribution remains the 
same in height (and we cannot be sure of this without 
experimental confirmation) we have, by measurement of 
echo power variation with height, a means of determin- 
ing the variation of drop size distributions with height. 
Certainly we can use the radar information qualitatively 
to demonstrate beyond all doubt that large particies can 
exist at great heights on some occasions since the 
dependence on D* means that only large particles, of 
diameter about one mm. or greater, contribute 
effectively to echo power. Thus Fig. 11 demonstrates 
quite conclusively that large particles were present up to 
34,000 ft. which was about the height of the tropopause 
on this occasion. The physical state of the particles is 
not positively determined, however, since a wet ice 
particle reflects energy as well as, or even better than, 
its equivalent water drop. 

A further refinement of the radar technique which 
we are now exploring with the help of the Royal Radar 
Establishment is the use of a Doppler radar looking 
vertically. There is some hope that using this equipment 
we may be able to measure drop size distributions 
directly, although we must be content with examining 
only that precipitation which comes overhead. Obtain- 
ing adequate statistical information would therefore 
still be rather a long project. 


9. Hail 


The measurement of hail size distributions from the 
air presents a virtually insoluble problem. Even if it 
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Ficure 11. Vertical cross-section through radar echo from 

shower-precipitation extending to 34,000 ft. Almost horizontal 

lines are at 5,000 ft. height intervals. Wavelength 3 cm., peak 
power output 75 kW. 


were possible to know in advance the precise location of 
the hail volume of a cloud one would not send in an 
aircraft to make measurements. It appears, however, 
from flights deliberately made through the most active 
parts of thunderstorms in turbulence investigations both 
here and in America, that the chance of encountering 
hail in any particular storm is small. Less than 4 per 
cent of all such traverses encountered hail. This is not 
thought to be because hail is infrequent in a thunder- 
storm but because the horizontal cross-sectional area of 
the hail volume of a storm is small. Observations on 
the ground suggest that the horizontal extent may often 
be only a few hundred yards and a mile or two would 
probably be exceptional. Nevertheless hailstones as 
large as 5 inches in diameter have been measured on the 
ground and they must have been present at this size at 
the 0°C level. In the types of storms which give large 
stones the 0°C level would be around 15,000 ft. above 
sea level. Stones of this size, of course, would be 
responsible for a very strong echo on a radar display 
and the most satisfactory way of avoiding damage 
would be to use airborne radar to give such storms a 
wide berth. 

We can make some assessment of the concentration 
of hailstones indirectly by assuming a size distribution 
law and making the resultant numbers consistent with 
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both maximum radar-echo intensities observed from 
known hailstorms and maximum observed rainfall rates 
at the ground. We find that the empirical raindrop 
distribution law will not give satisfactory results when 
the hailstones are large, probably because of the 
excessive extrapolation involved. Using the concept 
suggested by the ice crystal size distributions, that the 
total mass is evenly distributed throughout the size 
ranges, we obtain figures which may at least give the 
order of magnitude. These suggest, for example, that 
in a very severe hailstorm, in which the maximum hail- 
stone diameter is about 6 cm., there may be one stone 
per m.* with diameter of 2 cm. or greater and perhaps 
one in 50 m.* of these would be as big as 6 cm. In more 
moderate hailstorms there may still be one or two per 
m.* with a diameter of about one cm. When one 
considers the large volume swept out by a modern 
aircraft in one second this still amounts to a formidable 
bombardment of the aircraft and no doubt accounts for 
damage such as shown in Fig. 9. 


10. Conclusion 

This paper has perhaps tended to emphasise the 
difficulties at the expense of what can actually be 
achieved with existing information. This is because of 
an impression, right or wrong, that the complexities of 
cloud physics are not widely appreciated by those not in 
intimate contact with the subject. It is not intended to 
imply that it is hopeless to ask for information but to 
explain why the questions cannot always be answered 
with precision. Indeed it is thought that, despite all 
the difficulties, it is often possible to give estimates 
which are sufficiently precise for the purpose for which 
they are required. In this connection it would often be 
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of great assistance to the meteorologist to know in 
somewhat greater detail than is usually given, the 
purpose for which the information is required. 
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HE FLOW OF FLUIDS through screens has been 

widely studied with particular importance being 
attached to the measurement of the pressure drop caused 
by a screen and its relation to the screen geometry and the 
flow conditions. The majority of the investigations have 
been carried out on wire gauze screens mounted in ducts 
with air passing through them, the static pressure being 
measured on either side of the gauze. Attempts have 
been made by Weighardt’”, Annand’ and Grootenhuis’ 
to correlate the gauze geometry with the pressure drop 
and to enable the pressure loss over a given screen and 
with given flow conditions to be predicted. 

The results of the tests have usually been presented in 


the form of a pressure drop coefficient A 


ipv* 


where Ap=static pressure drop. 
p= fluid density. 
v = velocity of the fluid approaching the screen 


i.e. the pressure drop in terms of the velocity head, plotted 
on a Reynolds number base. The value of Re used is 
generally based on the approach velocity and the wire 
diameter, although alternatives have been proposed to 
aid the correlation. Annand has suggested that by 
analogy with the variation of the drag coefficient of a 
circular cylinder with Reynolds number, a large variation 
in pressure drop coefficient may occur at high values of 
Re, despite the fact that from the majority of the experi- 
mental results so far, the curve appears to flatten out in 
the upper Re range. Some evidence of this variation is 
shown by some isolated results of Simmons and 
Cowdrey"’, tentatively plotted by Annand, and the 
additional data given by Cornell’. 

At these high Reynolds numbers, which, with com- 
paratively small wire diameters, necessitate the use of 
high flow velocities, we have also to consider the effect of 
compressibility and the variation of pressure drop with 
Mach number. The compressibility effect due to the 
high speed of flow through the openings in the wire gauze 
may become important at a comparatively low Mach 
number for the flow upstream of the gauze, particularly 
when the porosity, or open area ratio of the screen is low. 
It is therefore necessary in considering the high speed 
flow through a gauze to examine whether a high Reynolds 
number is operative and Mach number effects insignifi- 
cant, or whether the Mach number effect predominates. 
It would appear that the data of Simmons and Cowdrey 
and of Cornell is such that the rise in pressure drop 
coefficient is due to the onset of choking in the interstices 
of the gauze. 

This Mach number effect has been the subject of a pre- 
liminary study by Adler? who measured the static and 
total pressure losses over a range of screens at varying flows 
up to the choking Mach number i.e. the Mach number 
for the duct corresponding to choking conditions in the 
openings in the gauze. After this choking Mach number 
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no further increase in the mass flow through the gauze 
occurs. The data is plotted in terms of screen solidity 
rather than of wire diameter and mesh, and the static 
pressure loss curves given by Adler are reproduced in 
Fig. |. These have been obtained from a limited amount 
of experimental data, however, and the method of 
measurement of the static pressure drop across the gauze 
screen does not appear to be very accurate. To examine 
this question further, additional tests have been carried 
out on some gauzes with greater attention being paid to 
measurement. The static pressure drop only has been 
measured, since the total pressure drop may be obtained 
from this by calculation. 


EQUIPMENT AND METHOD OF MEASUREMENT 


The gauze under test was mounted in a duct of 3 in. 
internal diameter between two flanged sections of the 
duct, holes being drilled in the gauze disc to coincide with 
the bolt holes in the flanges. A supercharger Uriven by 
a 150 h.p. electric motor was used to suck air through the 
duct at high velocity; the bell mouth on the end of the 
duct was enclosed in a filter box in order to reduce the 
amount of dirt deposited on the gauze and to prevent any 
change in its resistance characteristics in the course of 
the tests. 

A criticism of previous investigations on flow through 
wire gauzes lies in the methods used for the measurement 
of static and total pressure loss. In most cases, the static 
pressures are measured at two arbitrary positions in the 
duct walls; for example, in Adler’s tests, the gauzes were 
mounted in a duct of 54 in. internal diameter with static 
tappings 3 in. ahead of the gauze and 4 in. behind it, the 
difference between the two readings being taken as the 
pressure drop. Numerous tests on screens mounted in 
ducts have shown that the variation in static pressure has 
the form shown in Fig. 2. It is therefore necessary to 
take the loss in static pressure due to the gauze as the 
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difference between the intercepts with the plane of the 
gauze of the straight lines representing the static pressures 
in the duct upstream and downstream of the screen. In 
the present tests a large number of static tappings were 
available on both sides of the gauze and were read for 
each test on vertical mercury manometers. The velocity 
was measured by means of the total and static pressures 
at a section upstream of the gauze, velocity traverses of 
the duct indicating that the boundary layer thickness in 
the duct in the vicinity of the gauze was small 


RESULTS 

Figure 3 shows the results obtained for the gauzes 
detailed in Table I. The dotted curves are those given by 
Adler for the static pressure loss coefficient, interpolated 
from Fig. 1 for the solidity ratio appropriate to the gauze 
The experimental results of the present series of tests are 
as shown 

There is good agreement for the gauze of low solidity 
ratio, i.e. high open area ratio, over most of the range, 
but the choke limit appears to differ slightly. With higher 
solidity ratios, the agreement with gauze 2 is fairly good, 
but gauze 3, with only a slightly higher value of solidity 
ratio, shows a considerable difference between the experi- 
mental results and Adler's curve, although the choke limit 
agrees fairly well. 

It should be noted that Adler’s experimental work 
was confined to low solidity ratios, and that the higher 
ranges of his curves are based upon calculation. It would 
appear that solidity ratio is not the only geometrical 
factor which influences the pressure drop coefficient at 
high Mach numbers, and that different curves may be 
obtained for screens with the same solidity ratio but made 
from wires of different diameters and spacings 


CONCLUSIONS 

In considering the flow at high velocities through wire 
gauze consideration should be given to the relative im- 
portance of Reynolds number and Mach number effects 
on the pressure drop coefficient. The solidity ratio of the 


T 
GAUZE 


© GAUZE 2 
GAUZEs 


a | \ 
A »sS \ 
| \| 
GAUZE 31 
‘ 
ab 
GAUZE 2 
lav’ 
r 
| 
| GAUZE 1 | 
| 
re) o2 o3 o4u os 


INLET MACH NUMBERM * 
FIGURE 3 


TABLE | 


Wire Mesh | Solidity ratio 


Gauze No Wire diameter 


0°063 in 12 
? 0-010 in 60 
3 0-016 in 40 0602 


gauze is an insufficient criterion for estimating the pres- 
sure loss at high Mach number flows, and a further 
investigation of this factor is necessary. 

Tests are in progress on a number of wire gauzes of 
high solidity ratios, and also on combinations of wire 
gauze. In addition, tests on wire gauzes at very high 
Reynolds numbers, but where the variation of pressure 
drop coefficient is not masked by Mach number effects, 
are planned, using gauzes of large diameter wire. The 
problems of the flow through perforated plates at high 
velocities are similar to those described, and are also 


under investigation. 
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An Estimate of the Suction Peak on Infinite Sheared Wings 


J. WEBER 
(Aerodynamics Department, Royal Aircraft Establishment.) 


T IS SHOWN THAT, for infinite sheared wings with 

symmetrical aerofoil sections, the value of the suc- 
tion peak near the nose in incompressible flow depends 
primarily on the value of the lift coefficient and the 
nose radius and not on the angle of sweep. 

When investigating the suitability of a basic wing 
section for an aircraft design with comparatively large 
aspect ratio, it is useful to know up to which lift co- 
efficient one can expect the flow to be attached over the 
wing surface, and separation to occur at the trailing 
edge only. For aerofoils of small or moderate thickness- 
chord ratio, flow separation tends to occur first near the 
leading edge. Although flow conditions near the 
leading edge of swept wings in viscous flow cannot be 
predicted, the value of the suction peak is some guide 
to whether separation is likely to occur. For this pur- 
pose the suction peak need not be determined very 
accurately. In the following a simple relation between 
the minimum pressure coefficient and the nose radius is 
derived for infinite sheared wings with symmetrical 
sections. 

Using the notation of Ref. 1, the pressure coefficient 
on an infinite sheared wing is calculated from the 
relation: 


C,(x) = 1 —cos*z 


(a) + 
{cos afcos +5 (x)} + sin a, /( 
“cae | 


=1—cos*a sin*¢ — 


— {0s afoos ¢ +5 (x)] (I 


cos @ 


COs 


(1) 


For those values of the lift coefficient, C, (or of the 
angle of incidence, z), in which we are interested here, 
the suction peaks occur close to the leading edge, i.e. for 
very small values of x. In this range of x values, 
S® (x), the velocity increment for zero lift by linear 
theory, and the lift correction term S$ (x) do not vary 
much with x. In the neighbourhood of the suction 
peak we can therefore put SX” (x)=S (0) and S™ (x)= 
S“ (0). This approximation is exact for aerofoils of 
elliptic section and very close for the RAE 100-104 
sections. Near the leading edge the section slope 
S‘ (x)=dz/dx can be expressed in terms of the nose 
radius by the equation: 


(x) 
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The pressure coefficient on the upper surface close to 
the leading edge can thus be determined from the 
relation: 


Coy, (x)= 1 —cos*a — 


{ cos a[cos + (0)] + sin 1 + } 
COS @ 
p 
** 20 cos? ¢ 
(2) 


Differentiating equation (2) with respect to x, we find 
that C, has a minimum value at 


+ §(0) l 


2c +- 50) cose tanz 
) 
Inserting this value of x into equation (2), we obtain for 
the minimum pressure coefficient : 


Comin = 1 —cos?z sin*@ —cos*2[cosp (0)]? — 
—sin*a[cos + (0)}* — 
pic 

=sin?z—cos*z (0)[2 + (0)]— 
—sin?a[cos@ + S (0)}* - 
f 
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I} 


Further, the lift coefficient achieved by an_ infinite 
sheared wing of symmetrical section is given by 


tie 
(14K ) sin 260s ¢ (5) 
cos 


For conventional types of aerofoil sections, as the RAE 
sections 100-104, the value of « is nearly constant and 
may be taken as 0-8. For aerofoils of elliptic cross 
section k=1-0. 

Expressing sin a in terms of C, and inserting this 
relation into equation (4), we obtain the required rela- 
tion between the suction peak, the lift coefficient and 
the geometry of the aerofoil, which determines the nose 
radius and the values of S“’(0) and S@0). 

For the present purpose, we wish to determine 
suction peaks of the order —C,=10; we can therefore 
omit the first two terms in equation (4) since they are of 
opposite sign and both are small compared with one, 
whereas the third term is of order 10. We obtain: 


2 
Conn = (52 cos + « (t/c) ple (6) 


by 
| 


TECHNICAL NOTES WEBER 


For aerofoils of elliptic cross section, 5S? (0) 
S'*’ (x)=t/ec and x=1, so that equation (6) reduces to: 


CF 
) 
pic 


The suction peak on sheared elliptic wings with the same 
thickness-chord ratio for streamwise sections is thus 
proportional to C,? and inversely proportional to the 
nose radius and is independent of the angle of sweep 
To a first approximation, this statement is also true for 
conventional section shapes, since for moderate values 
of t/c the term [cos #¢+S@0)]?/[cos @+x (t/c)]* of 
equation (6) can be approximated by 


(0) 7 142 tic [ 
Lcos@+x(t/c) | cos ¢ | tic 
(38) 
The value of the term k Varies somewhat with 


the section shape, for RAE 101 it is 0-32 and for RAE 
104 it is 0-18. 

As an example, Table I shows the thickness-chord 
ratio (as determined from p/c) of RAE 101 and 104 
aerofoil sections which produce at C,=1-0 a suction 
peak of —C,=10. 

On thinner wings the suction peak at C, =1-0 would be 
higher than —C,=10. To reduce the suction peak 
some camber or a thickening of the nose would be re- 
quired. As a crude rule, we derive from equation (7) 
that —C,=10 at C,=1-0 corresponds to a nose radius of 
half per cent of the wing chord. 

It follows from equations (3) and (5) that the chord- 
wise position of the suction peak is also, to a first 
approximation, independent of the angle of sweep for 
constant C,. 

The fact that the value of the suction peak and the 
position of it in inviscid flow are independent of the 


rABLE | 
Section shape by (7) by (6) 
RAE 101 0.0855 
RAE 00938 0-085 


angle of sweep does not, however, imply that also in 
viscous flow the flow near the leading edge is indepen- 
dent of sweep 

If the boundary layer is laminar near the leading 
edge, we could, by means of the independence principle, 
determine the position of the laminar separation point, 
but the development of the flow beyond a laminar 
separation On a swept wing is yet unknown. On an 
unswept wing the flow may form a short bubble and 
reattach very quickly. On a wing with a highly swept 
leading edge the formation of a bubble may not be 
possible and a vortex sheet is likely to occur. The 
mechanism of “stalling” may, therefore, not be that of 
a bubble bursting, as on an unswept wing (see, e.g. Ref. 
2), but something else which is as yet unknown. Further 
differences between the viscous flow on a swept and 
on an unswept wing may arise from the greater 
probability for the swept wing that the flow becomes 
turbulent before a laminar separation takes place. 
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AERONAUTICAL SOCIETY AUGUST 1959 


Graduates’ and Students’ Section 


Committee 1959/60 


_ The new committee elected at the Annual General Meeting 
in March is as follows:- 


Chairman—J. R. Cownie (Graduate) The Aeroplane. 

Hon. Secretary—J. D. Duncan (Graduate) de Havilland 
Aircraft Co. Ltd. 

Hon. Treasurer—G. E. Deadman (Graduate) Ferranti Ltd.. 
London. 

Hon. Lectures Secretary--W. G. Wilson (Graduate) Fairey 
Aviation Ltd., White Waltham. 

Hon. Visits Secretary—-A. R. M. Pickering (Student) South- 
ampton University. 

Hon. Editor—P. T. Ross (Graduate) B.E.A. 
N. R. Craddock (Graduate) Handley Page Ltd. 
H. Frazer Mitchell (Graduate) Handley Page Ltd. 
C. Jones (Student) Blackburn and General Aircraft Ltd.. 

Brough. Yorks. 

J. J. White (Student) Imperial College. 

There will also be an Associate Fellow and a Council 

Member nominated by Council on the Committee. 


Autumn Lecture and Visits Programme 

14th September Visit to Boscombe Down. 

23rd September Film Show. 

7th October Lecture “Lunar Probes” by Mr. J. E. Allen. 

14th October Visit to London Airport Control Tower and 
Pan American Airways maintenance area. 

Lecture “ Setting of Aircraft Specifications 
by Mr. R. H. Whitby, B.E.A. Project 
Branch. 

Lecture “ The Flight Testing of Rotorcraft 
by Sqn. Ldr. W. R. Gellatly of Fairey 
Aviation Ltd. 

Visit to Atomic Energy Research Centre at 
Harwell. 

Lecture “ Aerodynamics of Racing Cars ™ by 
Mr. F. A. Costin (responsible for Lotus, 
Vanwall and Lister body designs). 

Visit to College of Aeronautics at Cranfield. 


28th October 


lith November 


21st November 


2nd December 


Sth December 


Paris Visit 1959 

The first overseas visit by the Section for twenty years took 
place over the weekend 19th to 21st June. The occasion was 
a flying visit to the 23rd Salon International de I’Aeronautique 
at Le Bourget Airport, Paris. 


Thirty-six fortunate Graduates and Students for an over- 
subscribed visit met at the air terminal in Brompton Road on 
the evening of Friday 19th June and after the usual formalities 
departed by coach to Gatwick where they took off at 19.00 hrs 
in a Viking of African Air Safaris for Le Bourget. The very 
smooth flight was soon over—helped perhaps by cigarettes at 
two shillings for twenty—and the hotel was reached two hours 
after take-off. 

The Hotel de l'Europe, situated on the Boulevard Magenta 
very near to the Gare du Nord, was clean, pleasant and con- 
venient for those who intended to make the weekend rather 
more than just a visit to an air show. The party soon found 
they were within walking distance of Pigalle, Montmartre and 
a Metro ride from the Latin Quarter and made full use of 
the fact on both the Friday and Saturday nights. 

The Salon itself was particularly interesting because of its 
international flavour, there being a total of fourteen nations 
represented which gave one a picture of world aviation as 
opposed to the more usual national shows. 

The visiting Graduates and Students were lucky in being 
able to attend on both international flying days and could 
inspect anything from the towering Tupelov 114 turbo-prop 
air liner to tiny single-bladed helicopters. The flying display 
was excellent, it being difficult to pick out any one particular 
star. France’s Mirage IV Mach 2 jet bomber, Caravelle air 
liner and Nord 1500 Griffon turbo-ram-jet aircraft being out- 
standing. Unfortunately the SNECMA/ Nord C 450 Coleopter 
was not present on the last two days but sufficient was seen 
to reconfirm the reputation of the host country for producing 
ingenious aero-engineers. 


The new world was represented by varieties of helicopters, 
supersonic fighters and bombers, huge transport aircraft and 
even international ballistic missiles, while the U.S.S.R. impressed 
with the Tupelov 104 and 114 among others. 

Good formation flying is always a pleasure to watch, and 
with the Skyblazers, the Patriolle de France, and 111 Squadron 
R.A.F. participating, the Paris show was no exception. Certainly 
it was the formation flying which captured the attention of the 
crowd and rightly so because this was display flying at its best. 

The British Industry was well represented by the Rotodyne, 
Vanguard, N.A. 39 and Argosy, among many others. Indeed 
the party felt quite a personal interest in the show—three of 
the test pilots taking part had lectured to the Section in the 
past or will be doing so in the coming lecture season. 


Finally the flight back to Britain came all too soon, although 
slightly delayed, and the Viking touched down at Gatwick 
just after 22.00 hrs. on the Sunday evening ending a most 
enjoyable, if tiring, weekend. Without doubt, visiting air shows 
in Paris “c'est la vie ”!—w.cG.w. 


The challenge of the French 

Aircraft Industry is well repre- 

sented by the Caravelle which 

is now in service with S.A\S. 
and Air France. 


Courtesy of Air France 
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groups, both inside and outside the Society, have 

undertaken valuable work in the field of research into 
the history of aeronautics. This work has covered both 
technical and scientific development of aircraft of all kinds, 
as well as the histories of organisations and personalities 
connected with the development of aeronautics from the 
earliest times. 

The Royal Aeronautical Society has always been a re- 
pository of much information and data but, up to the 
present time, there have been no specific arrangements for 
the gathering together, under the auspices of the Society, 
of people who have a special interest in the historic aspect 
of aviation. There is no doubt that, as a result, some in- 
formation and material of real interest and significance to 
the history of British Aviation has been lost. 

The Council of the Society has now authorised the 
setting up within the Society of a Group devoted to 
historical affairs—this Group, if it commands sufficient 
support, later to be expanded to a Section. Such a Group 

and later Section—would co-ordinate and foster the in- 
terests of those many individuals who have been under- 
taking historical research over the years, as well as groups 
of amateur aeronautical historiaus. Basically, the aim of 
the Group will be the presentation of papers on matters 
of historical interest concerned with aeronautics and the 
collection, the interpretation and preservation of informa- 
tion and material touching on this subject. This will ensure 
that the Society becomes the centre for the collection of 
such records as are available. The Group will also initiate 
such historical researches as may be thought necessary 
from time to time. The work of the Group will add to 
the already extensive historical collection contained in the 
Society's library. 

A Steering Committee is being formed and further 
particulars will be announced later. Meanwhile members 
of the Society wishing to register in the Historical Group 
should inform the Secretary. 

Over the years, many interesting aircraft have been 
lost to posterity because no effort was made to preserve 
them. The Nash Collection of Veteran Aircraft (some of 
which date back to 1911) was acquired by the Society five 
years ago to prevent it from going overseas, and with the 
intention that it would eventually become part of a 
National Aeronautical Collection. During the past year 
the Society, in association with the Society of Licensed 
Aircraft Engineers, has formed the Historic Aircraft Main- 
tenance Group which has taken on the work of overhauling 
and maintaining these aircraft. 

In an effort to prevent further losses, the Society has 
initiated a Register of Historic Aircraft, in which all known 
aircraft in the United Kingdom are recorded. These air- 
craft are divided into two categories (see pp. 480-2) of 
which Category ‘A’ contains the names of some 120 air- 
craft considered to be of major historic importance. All 
the owners of aircraft in both Category ‘A’ and ‘B’ will be 
presented with a plaque, to be mounted on the airframe, 
stating its historic significance. The Society trusts that as 
a result future generations will be able to see the aircraft, 
as far as possible, in their original condition. 

There are some gaps in the available details of these 
aircraft. Any authentic information which will help to 
complete the histories will be welcomed by the Society 

The Society has had much help in preparing the 
Register of Historic Aircraft and would like to take this 
opportunity of thanking especially, the following: - 

Air Commodore A. H. Wheeler, Shuttleworth Trust 
C. F. Berens, R.A.E. Farnborough 
John Blake, Royal Aero Club 
L. R. Bradley, Imperial War Museum 
P. W. Brooks 
H. F. Cowley 


Fs: MANY YEARS a number of individuals and 
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No. | G-AAAH 
JASON 


D.H.60G MOTH (100 h.p. GIPSY 1) 
BUILT BY 
De Havilland Aircraft Co. Ltd. 


AT STAG LANE 
IN 
1928 


An example of the plaque which is to be presented to 
owners of aircraft considered to be of historic importance. 


W. N. Hanna, Admiralty 

L. A. Jackets, Air Historical Branch, Air Ministry 
A. J. Jackson 

Squadron Leader L. A. Jackson, Shuttleworth Trust 
G. W. B. Lacey, Science Museum 

L. T. Mason, Air Registration Board 

Professor A. J. Murphy, The College of Aeronautics 
Air Commodore G. J. C. Paul, The Air League 

R. C. Shelley 


In connection with the work now being done on the 
Nash Collection by the Historic Aircraft Maintenance 
Group, the Council would like to thank all those members 
of the Group who have so generously given of their spare 
time, not only members of the Royal Aeronautical Society 
and of the Society of Licensed Aircraft Engineers, but also 
a number of people who have joined in, although they have 
no affiliation with either Society 

The Council wishes to record its great appreciation of 
the Air Ministry’s kind gesture in lending to the Society 
No. 106 Hangar, R.A.F. Station, Hendon. Although this 
accommodation is only temporary, it has meant that a 
start on renovations could be made 

In addition, the Council wishes to thank the following: - 


The Officers Commanding R.A.F. Station, Hendon, 
and No. 71 M.U., R.A.F. Bicester, who have given 
all help possible with facilities for the work. 

Hawker Aircraft Ltd. for most generous help in the 
form of aircraft materials and essential tools. 

Vickers-Armstrongs (Aircraft) Ltd.—slinging tackle 
for the Wellington 

English Electric Aviation Ltd., Acton—reconstruction 
of the Fokker D. VII Instrument Panel. 

C.1.B.A. (A.R.L.) Ltd.—adhesives 

Dunlop Rubber Co. Ltd. (Aviation Division)—wheeils 
and tyres 

Shell-Mex and B.P. Ltd.—lubricants 

Herr Frydag, Bundersverband Der Deutschen Luft- 
fahrtindustrie E.V.—details of the Fokker D. VIL. 

Phillip S. Hopkins, Director of the Smithsonian 
Institution—details of the Fokker D. VII. 

Colonel Rougevin-Baville, Conservateur du Musee de 

l’Air, Paris—details of the Fokker D. VIL 
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Since the work of the Historic Aircraft Maintenance 
Group became known, the Society has received a number 
of documents, aircraft parts, engines, propellers and other 
items. The documents have been placed in the Society’s 
Library, and the other items will be kept safely until they 
can be given a permanent home in a National Aeronautical 
Museum. The Council is most grateful for the following 
gifts and loans: - 


R. G. Burr,—propeller for 110 h.p. Clerget. 

L. Clarke—air compass, Type 5/17. (1917). 

H. F. Cowley—1908-9 35 h.p. 4 cylinder Green water- 
cooled vertical engine—on loan. 

J. Donald Field—140 h.p. Clerget engine, two prop- 
ellers for 300 h.p. Hispano Suiza, and the records of 
Mr. Field’s brother, the late Mr. Brian Field. 

The College, Swindon—propeller, 110 h.p. Clerget. 
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International Alloys Ltd.—6 Bristol Jupiter erzines, 
2 Rolls-Royce Kestrel engines, 2 Napier Dagger 
engines, Liberty engine, Junkers Ju 222 engine, 2 
early German Jet engines. 

S. Osborne—R.F.C. Technical Notes and Air to 
Ground Signals Instructions, 1916. 

P. J. Parmiter—radio equipment 1916 to 1919. 

I. A. Piffard—40 h.p. E.N.V. engine, 2 radiators, petrol 
tank and propeller, used by Harold Piffard at 
Shoreham in 1910. 

R. C. Shelley—photographs—on loan. 


With the spread of interest throughout the country in 
the history of aeronautics, the Society believes that, 
through the Historical Group, it can play a useful and 
important part in the preservation and recording of history 


Aeronautical Society to be of historical importance. 


categories according to their potential historic importance. 


of those listed in Category ‘A. 


REGISTER OF HISTORIC AIRCRAFT 
The following lists of aircraft known to be in existence on the Ist January, 1959 are considered by the Royal 
The Society has been at pains to list the aircraft in two 
The designations given are those used at the time the aircraft were built. 
are gaps in engine types and h.p. where the exact information in these particular instances is uncertain. 


CATEGORY ‘A’ 


Some of the aircraft in Category ‘B’ are duplicates’ 
There 


BRITISH AIRCRAFT OF MAJOR HISTORIC IMPORTANCE 


Aircraft Type Registration | Date Built In custody of Location 
AIRSPEED HORSA CLIDER One exampie 
ANEC If (40 hp. ABC. Scorpion) G-EBJO 9.24 Shuttleworth Trust Old Warden 
AVRO SO4K (!!0 hp Le Rhone) C-EBJE Origin un Nash Collection Hendon 
known. Civil 
mod. 6.24 
AVRO 504K (130 hp. Clerget) D 7560 2.18 Science Museum Knockholt 
AVRO 504K (130 hp. Clerget) H 2311 Not known Nash Collection Hendon 
AVRO SO4K (1!0 hp. Le Rhone) F 3404 1918 Shuttleworth Trust Old Warden 
AVRO ANSON | (350 hp. Cheetah |X) One example 
AVRO 594 AVIAN IIIA (75 hp. Genet !!) G-ACGT 5.33 B. Murphy Stockport 
AVRO 683 LANCASTER 1 (4 x 1460 hp. Merlin 20) R 5868 1942 Air Ministry Fulbeck 
AVRO 621 TUTOR (240 hp. Lynx IVC) G-AHSA 1937 Shuttleworth Trust Old Warden 
BLACKBURN MONOPLANE TYPE B (50 hp. Gnorne) 725 (No. 9) Shuttleworth Trust Old Warden 
BOULTON PAUL DEFIANT (1030 hp. Merlin II!) N 1617 1941 Air Ministry Fulbeck 
BRISTOL TYPE 105 BULLDOG IIA (490 hp. jupiter VIIF) C-ABBB 4.3) Bristol A/c Ltd Filton 
BRISTOL TYPE 14 F2B FIGHTER Mk.Il (275 hip. Falcon II!) D 8096 1918 Shuttleworth Trust | Old Warden 
BRISTOL F2B FIGHTER (275 hp. Falcon II!) .. ; E 2581 1919 imp. War Museum On Exhibition 
BRISTOL TYPE 142M BLENHEIM | (2 x 840 hp. Mercury VII!) 1938 Finland 
CIERVA C.30A AUTOCGIRO (140 hp Genet Major IA) {alias Civet |) Ex G-ACWP 7.34 Science Museum Sydenham 
(AP 507) 
CIERVA C.30A AUTOCIRO (140 hp. Genet Major iA) (alias Civet !) G-AHM] 1936 Shuttieworth Trust | Old Warden 
CIERVA C.30A AUTOGIRO (140 hp. Genet Major IA) (alias Civet |) G-ACUU 6.34 G. S. Baker Elmdon 
CODY BIPLANE (120 hp. Austro-Daimier) 304 Science Museum Sydenham 
DE HAVILLAND D.H.9 (240 hp. Puma) F 1258 Musee De L'Air Paris 
D.H. 53 HUMMING BIRD (32 hp. Cherub II!) C-EBHX 9.23 Shuttleworth Trust Old Warden 
D.H. 60 MOTH (90 hp. ADC. Cirrus III) G-EBLV 6.25 de Havilland A/c Hatfield 
0.H. 60G CIPSY MOTH (Amy Johnson) (100 Gipsy 1!) Jason GC-AAAH 8.28 Science Museum _ 5S. Kensington 
D.H.80A PUSS MOTH (130 hp. Gipsy Major |) G-AAZP 6.30 GC. W. Halli Mount Farm 
0.M. 84 DRACON (2 x 130 hp. Gipsy Major 1) C-ACIT 7.33 Air Navigation G Blackpoc 
Trading Co 
D.H. 88 COMET (2 x 230 hp. Gipsy Six R) G-ACSS 9.34 de Havilland A/c Leavesden 
D.H. 98 MOSQUITO 1} (first prototype) (2 x h.p. Merlin ) W 4050 11.40 de Havilland A/c Hatfield 
D.H. 100 VAMPIRE (Prototype) (No engine fitted) LZ 551 9.43 Science Museum Sydenham 
E.6.C. WREN (398 cc. ABC.) 4 (Lympne No.) 9.23 Shuttleworth Trust O'd Warden 
FAIREY SWORDFISH (890 hp. Pegasus 30) NF 370 1943 Imp. War Museum On Exhibition 
FAIREY SWORDFISH (890 hp. Pegasus 30) Royal Navy Lee-on-Solent 
FAIREY SWORDFISH (890 hp. Pegasus 30) C-AJVH 1943 Fairey Aviation Ltd) W. Waltham 
GLOSTER CLADIATOR (840 hp. Mercury VIIIA) K 8042 1937 Air Ministry Fulbeck 
GLOSTER CLADIATOR (840 hp. Mercury VIIIA) Built largely from L8032. Then Gloster A/c Co Moreton 
G-AMRK. Now K8032 Valence 
GLOSTER F.9/40 METEOR (Prototype) (2 x 1000 Ib. S.T. Rover W 2B) | DG202/G | 1942 Air Ministry Yatesbury 
GLOSTER METEOR F.4 (2 x ib. $.T. Derwent ) . | EE 549 1 Air Ministry Fulbeck 
GLOSTER WHITTLE £.28/39 (850 Ib. S.T. Whittle W.1) (lent by Gloster A/c) | W 404) 5.41 Science Museum 5S. © ensington 
HAFNER REVOPLANE (193! Prototype) (40 h.p. Salmson) Nil 1931 R. Hafner Weston-Super 
Mare 
HANDLEY PAGE CUGNUNC (1/55 h.p. Mongoose |!) C-AACN 11.28 Science Museum Knockhoit 
HAWKER CYGNET 1 (32 hp. Cherub 3) GC-EBMB 7.25 Hawker A/c Dunsfold 
HAWKER HART 2 (600 hp. Kestrel 16 Special) C-ABMR 5.31 Hawker A/c Dunsfold 


: 


REGISTER OF HISTORICAL AIRCRAFT 


HISTORICAL 


GROUP 


Aircraft Type Registration Date Built 
HAWKER HURRICANE 1 1 h.p. Merlin til L1592 938 
HAWKER HURRICANE 1 ! h.p. Merlin til P2617 739 
HAWKER HURRICANE IIC h.p. Mer xx LF363 
HAWKER HURRICANE IIC 2 h.p. Merlin XxX G-AMAU 4 
JAP-HARDING (Bleriot-type) Monoplane 45 h.p. Jap V-8 
PARNALL PIXIE (32 hp. Cherub II!) EBJC 
PERCIVAL CULL (Jean Batten) (2 h.p. Gipsy Six) C-ADPR 8 
PILCHER HAWK CLIDER (Original) 
PILCHER HAWK CLIDER Reproduction) 
ROE TRIPLANE (9 hp. 2 Cyl. Jap) Presented by A. V. Roe 
ROYAL AIRCRAFT FACTORY 8B.E.2C 90 hp. RAF. 1A 2699 
ROYAL AIRCRAFT FACTORY R.E.8 50 h.p. R.A.F. 4A) F3556 
ROYAL AIRCRAFT FACTORY S.E.5A 200 hp. Hispano Suiza G-EBIA Not knowr 
ROYAL AIRCRAFT FACTORY S.ESA (200 hp. Viper G-EBIC First ¢ 
ROYAL AIRCRAFT FACTORY S.E.SA 2 h.p. Viper) G-EBIB ) 
SAUNDERS-ROE S.R./Al_ (2 x 3000 Ib. S.T. Metropolitan Vicker + Bery 
SHORT SEAPLANE (Remains) ( h.p 
SHORT SUNDERLAND M.R.5 (4 x h.p. Twin Was One example 
SOPWITH BABY SEAPLANE (Remains) erget 
SOPWITH CAMEL 14 he Clerget) H508 
SOPWITH CAMEL BRI.) N68 
SOPWITH PUP (80 hp. Le Rhone) C-EBKY 


fitted) N5912 


(Not 


SOPWITH TRIPLANE Clerget) 
SUPERMARINE S$.68 (23 h.p. R 


yis-Royce R’ 


SUPERMARINE 5S.68 23 h.p. Rolls-Royce R") S159 3 
SUPERMARINE SPITFIRE 1 () h.p. Mer 1th) P944 

SUPERMARINE SPITFIRE 1 | h.p. Merlin 

SUPERMARINE SPITFIRE 1 (1030 h.p. Me it Two aircraft K9942 X459 
SUPERMARINE SPITFIRE 1 (1030 hp. Merlin 

SUPERMARINE SPITFIRE XI (\¢ h.p. Merlin 61) LT- 

VICKERS VIMY (2 x 360 hp. Eagle VII!) None 19 
VICKERS-ARMSTRONGS WELLINGTON T.Mk.X (2 x p. H es XVI) MF628 
VICKERS-ARMSTRONCGS VISCOUNT 700 (Prot) (4x 1742e.h.p. DarfR. Da.6.Mk.510 AMAV 


Cherub) 


WESTLAND-HILL PTERODACTYL 1 (32 hp 
X11) R 


WESTLAND LYSANDER IIIA (890 hp. Mercury 


In custody of Location 


ence Museum Sydenham 
Air Ministry Bicester 
Air Ministry Waterbeach 
Hawker A/c Dunsfold 
science Museum S. Kensington 
K.C.D. St. Cyrien Dorking 
Hunting A/c Luton 
ttish Museum Edinburgh 
Science Museum (|S. Kensington 
Science Museum = S. Kensington 
War Museum On Exhibition 
War Museum On Exhibition 
Shuttleworth Trust RAE 
Nash Collection Hendon 
Museum 5S. Kensington 
f Aeronautics Cranfield 
War Museum In Store 
Nash Collection Hendon 
Nash Collection Hendon 
np. War Museum /|On_ Exhibition 
huttieworth Trust | Old Warden 


Fulbeck 


Air Ministry 


ence Museum (|S. Kensington 
ithampton Corp Eastleigh 
Science Museum Sydenham 
War Museum | On Exhibition 
Air Ministry Bicester 
Shuttleworth Trust | Old Warden 
Shuttleworth Trust | Old Warden 
Science Museum 5S. Kensington 
Royal Aero.Soc Hendon 
Vickers-Armstrongs Wisley 
Science Museum Knockholt 
Ministry Fulbeck 


FOREIGN AIRCRAFT OF MAJOR HISTORIC IMPORTANCE 


Aircraft Type Registration 


ANTOINETTE MONOPLANE h.p. Antoinette V-8) (Presented t Blackburn) 
BAKA SUICIDE BOMB 
BAKA SUICIDE BOMB 
BLERIOT XI (25 Far 
BLERIOT Xi! bis 

BLERIOT XXvViI (5 he 
CAUDRON G.lll (90 hp 
CHANUTE TYPE CLIDER 
DEPERDUSSIN 35 h.p Y 
FIAT C.R.42 | h.p 
FIESELER STORCH h.p 
FLETTNER 282 | h.¢ ) 
FOCKE-ACHCELIS FA 330 Autorotative 
FOCKE-ACHCELIS FA 330 Autorotative 
FOCKE-WULF Fw 190A-9 h.p 
FOKKER £E.1 MONOPLANE (50 hop 
FOKKER D.VII Mercedes 
HEINKEL He.111H (2 x h.p ) 

HEINKEL He.162 VOLKSJACER | Ib. S.T ) 
JUNKERS Ju 87R.1 JK 
JUNKERS ju. 88C-6 (2 x h.p ) 
LILIENTHAL CLIDER Pilcher) ent by R.AeS.) 

L.v.c. CVI ) 

MAURICE FARMAN F.40 (130 h.p. Renault) F-HMFI 19 
MESSERSCHMITT Me 163 KOMET (Walter HWK Rocket) 
MESSERSCHMITT Me 163 KOMET (Walter HWK Rocket 
MESSERSCHMITT Me 163 KOMET (Walter HWK R 
MESSERSCHMITT Me hp ) 
MESSERSCHMITT Me 
MESSERSCHMITT Me 110 (2 x h.p ) 
MESSERSCHMITT Me 262 STURMVOCEL | tb. S.T 

MESSERSCHMITT Me 410 (2 x h.p ) 

OSCAR (japanese) (| h.p ) 

SIKORSKY R.4B (185 h.p. Warner R-550-1) .. on , 

V.1. FLYING BOMS FZG76) * DOODLEBUC”’ 442795 
V.1. FLYING BOMB |F 3) (FZG76) “ DOODLEBUC ” 

V.2 LONG RANCE ROCKET 


' Type Anzani) N 
Anzani) 


Gnome) 


Anzani) 
lent by Royal Aero Club) 


type Anzani) 


BT 474 (RAF) 
VP 546 (R.A-F.) 


kite 
kite No engine) 


bservatior 


bservatic 
B.M.W.) 
Oberurse!) 


180 h.p 


Ministry) 
191659 (AM215) R.A.-F. Serial 


(Lent by Air 


cket) 


V.2 LONG RANCE ROCKET 
WRIGHT FLYER (Reproduction) ([( h.p. Wright) None 
ZAUNKOENIC ( h.p ) G-ALUA 1945 


remains) (Japanese) ( h.p 


ZEKE 


Date Built 


In custody of Location 


Science Museum |S. Kensington 
Science Museum Sydenham 
R.A.F. College Cranwell 
Shuttleworth Trust | Old Warden 
Nash Collection Hendon 
Nash Collection Hendon 
Nash Collection Hendon 
ence Museum |S. Kensington 
ittleworth Trust | Old Warden 
Air Ministry Fulbeck 
Air Ministry Fulbeck 
Coll. of Aeronautics Cranfield 
cience Museur S. Kensington 
~ f Aeronautics Cranfield 
Air Ministry Fulbeck 
science Museum |S. Kensington 
Nash Collection Hendon 
Air Ministry Fulbeck 
R.A.F. College Cranwell 
Air Ministry Fulbeck 
Air Ministry Fulbeck 
Science Museum |S. Kensington 
Air Ministry | Fulbeck 
Nash Collection Hendon 
RAF. College | Cranwell 
Science Museum Sydenham 
of Aeronautics} Cranfield 
Air Ministry | Fulbeck 
Air Ministry Fulbeck 
Air Ministry | Fulbeck 
R.A.F. College Cranwell 
Air Ministry | Fulbeck 
Air Ministry Fulbeck 
Cc f Aeronautics Cranfield 


Science Museum (|S. Kensington 
Imp. War Museum (On Exhibition 
Science Museum Sydenham 
imp. War Museum |On_ Exhibition 
Science Museum | S. Kensington 
P. J. Sullivan Kidlington 
Air Ministry Hendon 


| 
> 
92 
12 
1910 
9 
“tae 
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CATEGORY ‘B’ 
OTHER HISTORIC BRITISH AIRCRAFT 


Aircraft Type 


AIRSPEED OXFORD (2 x 370 hp. Cheetah X) 
ARMSTRONG WHITWORTH A.W.52G GLIDER 


ARROW ACTIVE (/30 hip. Gipsy Major ic) 

AVRO 594 AVIAN IVM (120 hp. Gipsy I!) 

AVRO 643 CADET (135 hp. Genet Major) 

AVRO 694 LINCOLN B.Mk.2 (prototype) (4 x h.p. Merlin 68) 
B.A. SWALLOW 2 (90 h.p. Pobjoy Cataract 2) (Oldest in U.K.) 
BLACKBURN 8.2 (130 h.p. Gipsy Major !) 
BRISTOL 175 BRITANNIA 100 (Prototype) 
CHILTON D.W.1 (62 Mikron I!) 


(4 x 3870 e.h.p. Proteus 705/755) 


CIERVA €.24 AUTOCIRO (120 hp. Gipsy II!) 
COMPER C.L.A.7 SWIFT (90 h.p. Niagara I!!) 
COMPER C.L.A.7 SWIFT (90 hp. Niagara II!) 
D.H.60X MOTH (105 hp. Cirrus-Hermes) 
0.H.60G CIPSY MOTH (100 hp. Gipsy !) 
0.H.60G CIPSY MOTH (100 hp. Gipsy }) 


D.H.60CG CIPSY MOTH (120 hp. Gipsy |!) 

D.H.82A TICER MOTH (/30 h.p. Gipsy Major 1) (Oldest surviving) 
0.H.83 FOX MOTH (130 hp. Gipsy Major |) 

D.H.83 FOX MOTH (130 h.p. Gipsy Major !) 

D.H.83C FOX MOTH (145 h.p. Gipsy Major Ic) 

D.H.85 LEOPARD MOTH (130 hp. Gipsy Major 10/1!) 

0.H.86 EXPRESS (4 x 200 h.p. Gipsy Six 1) .. 

D.H.878 HORNET MOTH (1/30 hp. Gipsy Major |) (Oldest in UK.) 
D.H.89A RAPIDE (2 x 200 hp. Gipsy Queen II!) (Oldest in U.K.) 
D.H.94 MOTH MINOR (90 hip. Gipsy Minor) (Oldest in U.K.) 


h.p. Bucaneer) 
(1000 h.p. Merlin) 
(150 he. Cirrus Major 2) 
(150 hip. Cirrus Major 2) 
FIRTH HELICOPTER (Prototype) (not completed) (2x 140 hp. seal Major 10) 
FOSTER-WIKNER WICKO C.M.1 (130 hp. Gipsy Major |) 
HAWKER TEMPEST I! ( h.p. Centaurus V) 
HAWKER TOMTIT (150 h.p. Mongoose IIIC) 
HEATH PARASOL (32 Cherub III) 
HINKLER IBIS (Remains) (2 x 40 hp. Salmson A.D.9) 


DESOUTTER | | 

FAIREY FULMAR 2 
GAL. 42 CYGNET 2 
GAL. 42 CYGNET 2 


(Not fitted) . 


KAY TYPE 33/1 CYROPLANE (75 hip. Pobjoy R.) 
KRONFELD DRONE (30 hp. Carden Ford) 
LUTON MINOR (40 hp. Aeronca-Jap |-99) 


(130 h.p. Gipsy Major) 
(200 Gipsy Six 1F) 


MILES M.2H HAWK MAJOR 
MILES M.2L HAWK SPEED SIX 


MILES HAWK TRAINER Mk.3 MACISTER (/30 h.p Gow Major) (Oldest in U.K.) 
PARNALL ELF (105 hp. Cirrus Hermes) 

PERCIVAL MEW CULL (205 hp. Gipsy Six I!) 

PERCIVAL Q.6 (2 x 200 h.p. Gipsy Six II) 

REID G SIGRIST DESFORD TRAINER (2 x 130 hyip. Gipsy Major 10/2) 
ROBINSON REDWINC II (80 hp. Genet Ila) ; 
SHORT S.B.5 ( Ib. S.T ) 

SHORT SCION (2 x 90 hp. Niagara) 

SOUTHERN MARTLET (100 hp. Genet Major) 

SPARTAN ARROW (105 hp. Cirrus Hermes 2) 

SUPERMARINE SPITFIRE (1720 hp. Merlin 66) 
SUPERMARINE SPITFIRE XIV (2050 hp. Griffon 65) 
TAYLOR-WATKINSON DINGBAT (30 hp. Carden Ford) 

VICKERS SUPERMARINE TYPE 545 (No engine fitted) 

WEIR W.2. AUTOCIRO (50 hp. Weir Flat twin) 

WESTLAND WELKIN (2 x hp. Merlin) 

WESTLAND WYVERN | (3500 hop. Eagle 22) 


Registration 


One example 
RG324 


C-ABVE 
C-ABEE 
G-ADIE 
PW932 
G-ADPS 
G-AEB} 
G-ALBO 
C-AFGH 


C-ABLM 
G-ABUS 
G-ABUU 
C-EBWD 
G-ABYA 
G-AAWO 


C-ACDC 
G-ACE} 
C-ACCB 
G-AQjH 
C-ACMA 
C-ACZP 
G-ADKC 
C-ADYL 
C-AFNG 


G-AAPZ 
G-AIBE 
G-AFVR 
G-AGBN 
G-ALXP 
G-AFIB 
LA607 
G-AFTA 
G-AFZE 
G-AAIS 
Never carried 
G-ACVA 
G-AEKV 
G-AFIR 


G-ADMW 
G-ADGP 


G-AFBS 
G-AAIN 
G-AEXF 
G-AEYE 
G-AGOS 
C-ABNX 


G-AEZF 
G-AAYX 
C-ABWP 
G-AIDN 
G-ALGT 
G-AFIJA 
XA181 
W-2 


VR137 


In custody of 


Air Service Training 
Sir W. GC. Armstrong 
Whitworth 
Norman jones 
P. J. Houston 
M. Marron 
Coll. of Aeronautics 
Walker G Thompsor 
Blackburn Aircraft 
Bristol A/c Ltd 
F. P. Massey 
Dawson 
Science Museum 
A. L. Cole 
A. Imrie 
Shuttleworth Trust 
M. C. Harley 
J. F. W. Reed 


R. K. Dundas 
Norman Jones 
Giro Aviation 
Giro Aviation 
H. Paterson 
W. T. Scutt 
H. Bellamy 
V. H. Bellamy 
F. G. Fox 
Blackpool G Fyides 
Aero Club 


| Shuttleworth Trust 
| Fairey Aviation Ltd 


F. T. W. Gunton 
Mrs. J. |. Jones 
Coll. of Aeronautics 
N. B. Stephenson 
Coll. of Aeronautics 
Hawker A/c 
K. C. D. St. Cyrien 


D. Kay 
S. Thorpe 
F. Jj. Parker G 
Partners 
J. P. Gunner 
R. R. Paine 


Denham Fly. Club 
Shuttieworth Trust 
F. Dunkerley 
}. B. Peak 
Film Aviation 
P. Jj. Houston 
RAE 


|B. H. M. Winslett 


Shuttleworth Trust 
R. P. Green 
V. H. Bellamy 
Rolls-Royce 


Coll. of Aeronautics 
Science Museum 

Westland A/c Ltd 

Coll. of Aeronautics 


Location 


Hamble 


Knockho!t 
Christchurch 
Scotland 
Olid Warden 
Old Warden 
Tarrant 
Rushton 
Croydon 
Croydon 
Southport 
Sduthport 
Elmdor 
Keyston 
S 
Eastleigh 
Fairoaks 
Squires Gate 


Old Warden 
W. Waltham 
Kings Lynn 
Godalming 
Cranfield 
2outnport 
Cranfield 
Dunsfold 
Croydon 
Lee-on-Solent 


Perth 
Shoreham 
White 
Waltham 
Eastleigh 
Wolver- 
hampton 
Denham 
Olid Warden 
Kidlington 
Cambridge 
Croydon 
Panshanger 
Farnborough 
suthend 
id Warden 
Denham 
Eastleigh 
Hucknall 
Southend 
3 ran f eld 
Knockhoit 
Yeovil 
Cranfield 


OTHER HISTORIC FOREIGN AIRCRAFT 
Registration | Date Built | 
KD431 EZ-M 


Aircraft Type In custody of Location 


CHANCE-VOUCHT F4U-4 CORSAIR | h.p. Pratt G Whitney R-2800-18W) 
CURTISS SEA GULL (remains) (6 cyi. Curtiss) 

DINAH 3 (japanese) | h.p ) 

DOUGLAS DC-3 DAKOTA (2 x 1200 hp. Twin Wasp) 

KLEMM L25.1A_ (40 hp. Salmson) 

KLEMM L25.1A_ (40 hp. Salmson) 

MIGNET FLYING FLEA (30 hp. Douglas Sprite) 

STINSON S.R.10C RELIANT h.p. ) 

TIPSY TRAINER (60 ho. Mikron) 


| Coll. of Aeronautics ranfield 
Science Museum Knockholt 
Air Ministry Fulbeck 
One example 
GC-AAHW 
G-AAXKK 
G-AEHM 
G-AFVT 
C-AFWT 


Dumfries 
Croydon 


R. H. Grant 
Cc. Cc. R. Vick 
Science Museurh Knockholt 
Fairey Aviation W. Waltham 
J. A. Overton Denham 
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Baginton 
3.32 Fairoaks 
8.30 Redh 
5.35 Eire 
1944 Cranfieid 
9.35 Lympne E 
os 2.36 Brougt 
1952 Filton 
3.38 Denharn 
: 1931 
j 2.32 
3.32 q 
3.28 
7.32 
5.30 
3.31 
2.33 
; 4.33 
1.33 
1947 
3.34 
12.34 
3.36 
12.35 
5.39 
| 
1939 
6.39 
10.40 
1954 
8.38 
1931 \ 
| 1946 | 
1929 
1934-35 | 
1938 | 
| 5.35 | 
| | 937 | 
| 1929 
8.36 
5.37 
| 1945 
7.31 
| 
| 
5.30 
1944 
1944 
1938 
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METAL FATIGUE. J. A. Pope (Editor). Chapman and Hall, 
London, 1959. 381 pv. Illustrated. 70s 

How is one to review a book to which he himself has 
contributed? May he claim that it begins well and gets 
better and better as it goes on, or ought he more modestly 
to opine that the sober standard set at the beginning is not 
uniformly maintained towards the end? Well anyway, 
when seventeen authors collaborate in one book the style 
is bound to be a bit uneven 

The work like all Gaul is divided in three parts. The 
editor’s intention, like Caesar’s, is clear; yet despite the 
division there remains a kind of Gallic unity about 
the whole—not Anglican certainly because the work its 
sturdily nonconformist Perhaps the young reader, 
attracted possibly by the contemporary title, may look 
back in anger as he nears the end of the first eight 
chapters on fundamentals; for he will have been denied 
even a glimpse of a dislocation. However, let him turn 
his eyes forward and read on—as he will have to indeed 
to get his 70s. worth. 

He will find another shibboleth* on everyone’s lips 
the words, or other versions of them were all spoken at 
Nottingham in 1955—and that password is “ compressive 
mean stress.” From the chairman of the organising com- 
mittee through the organiser and editor the test word 
passes into common currency. This is a very practical 
book for the practising engineer. There is the material 
as the metallurgist has made it in the shape into which 
the design office has tortured it. How best is the engineer 
to lengthen its life in service? 

This book does not supply all the answers, only a fair 
proportion of them. Yet its greatest value may lie in the 
answers it does not give. Must the Ephraimites forever 
flee from the Gileadites under Jephthah? Will the two 
never get together to make one new watchword out of 
their shibboleths?—Hn. L. Cox. 


*In order to avoid possible misunderstanding reference to a dictionary is 
strongly recommended 


CELESTIAL MECHANICS. E. Findlay-Freundlich. Perga- 
mon Press, London, 1958. 150 pp. Illustrated. SOs. 

This short book surveys a good deal of the field of 
celestial mechanics in a very readable manner and without 
any very involved mathematics. It treats first the soluble 
problem of the motion of two bodies regarded as point 
masses, and then states the general equations governing 
the motion of n such bodies, to which, even for n=3, there 
is no complete solution. The major part of the book is 
devoted to the approximate solution of the three-body 
problem, and in particular to the perturbations of the orbit 
of a small body, influenced mainly by the attraction of a 
large mass, and due to a second mass of considerable 
magnitude. There is then a chapter on the two-body 
problem when both bodies are of finite size and deform- 
able, with special reference to binary stars; in other words, 
on the effect of “tidal” forces on the orbits. The effects 
of using the theory of relativity in place of Newtonian 
mechanics is briefly treated and illustrated by the explana- 
tion it gave of the advance of the perihelion of Mercury. 
The book has thus no very direct bearing on aeronautical 
problems, although it has some relevance when these be- 
come astronautical ones. The discussions on perturbations 
of orbits have an obvious application to space travel, the 
theory relating to bodies of finite size, leaving out deforma- 
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bility, are closely connected with the effects of the non- 
spherical earth on the orbits of artificial satellites. The 
book is worth the attention of those interested in such pro- 
blems, and more so as it gives an in sight into the methods 
of celestial mechanics in a concise and readable way. 

There are One or two errors not corrected by the 
attached errata sheet. On page 9, the first equation should, 
of course, read g=—GM/R*, while on page 24 the 
dimensions of the gravitational constant G are correctly 
given, but stated to be those of force, which is manifestly 
incorrect. However, these are trifling and obvious slips in 
a very well-written book.—ERNEST F. RELF. 


FUNDAMENTALS OF ADVANCED MISSILES. Richard 
B. Dow. John Wiley, New York, 1958. 567 pp. Illustrated. 
94s. 

There are few good textbooks on guided missiles, partly 
because would-be authors have been discouraged by 
security restrictions and partly because of the long time lag 
in writing and publishing a comprehensive and carefully 
written book. Since many branches of science contribute to 
the design, development and operation of missiles, there 
has been a particular need for a book which, starting from 
first principles in each subject, develops the basic results 
applicable to missiles. Dr. Dow has tried to satisfy this 
need and has done so very successfully: the “advanced 
missiles” of his title is intended to cover space vehicles as 
well as conventional guided missiles. 

The book begins with a section on the basic kinematics 
of flight; this is followed by an eighty-page chapter on 
aerodynamics and propulsion, and an even longer one on 
dynamics, which deals with the effect of the aerodynamic 
and thrust forces on missiles, and includes discussion of 
stability and automatic control systems. Dr. Dow then 
outlines the theory of probability and shows how it applies 
to the operation and reliability of missiles. After that 
come 200 pages on guidance topics, covering the funda- 
mentals of microwave propagation, applications of infra- 
red radiation, the various types of radar, and the 
different methods of guidance. There is a final chapter on 
missile systems. 

Opinions are bound to differ on the proportion of 
space to be devoted to each of these topics, but, on the 
whole, Dr. Dow preserves a fair balance between them: 
he never gives the impression of skimping any of them, 
and he seems to be equally familiar with aerodynamics 
and electronics. He does not aim to provide a handbook 
of formulae, but rather to show how the most important 
equations are derived. The style of presentation is calm 
and clear, the diagrams are excellent, misprints are rare, 
and any particular subject can readily be found from the 
admirable list of contents. The book would perhaps have 
been improved by incorporating many of the 850 footnotes 
in the text and by including some lists of references for 

further reading. In general, however, this book can be 
strongly recommended either to the specialist who is 
puzzled by the jargon of his colleagues in other guided 
missile subjects, or to those who wish to learn the basic 
principles on which missiles depend.—D. G. KING-HELE. 


MODERN TRANSISTOR CIRCUITS. John M. Carroll. 


McGraw-Hill, London, 1959. 268 pp. Illustrated. 66s. 
This book is essentially a bound collection of a hundred 
and one of the best articles on the uses of transistors, 


- 

, 
4, 
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abstracted from the 1956, 1957 and 1958 volumes of the 
American magazine “Electronics.” Grouping of these 
articles takes place under seventeen separate headings, 
including the generic types such as amplifiers, oscillators, 
pulse circuits, and specialist applications such as home 
entertainment, communications, missile equipment and 
medical devices. 

Emphasis is given to many new forms of hybrid circuits 
combining transistors and vacuum tubes, or transistors and 
magnetic amplifiers. 

The system of grouping and the excellent index make 
for easy reference and any required circuit can be quickly 
found. 

The circuits are as up to date as are likely to be found 
in print, including many on missile and satellite telemetry. 
The newer semi-conductor devices such as the “ spacistor,” 
for the amplification of frequencies of the order of 10,000 
Mc./s., and the inherently regenerative “ unijunction ” 
avalanche transistor are also represented. 


It is rather surprising that the use of transistors in 
aircraft electrical systems is almost entirely ignored. One 
interesting, though unfortunately sketchy article on the 
subject, describes the fundamentals of a 300 VA. light- 
weight static inverter. The problems of brush and bearing 
wear are completely eliminated, and efficiencies increased 
by a factor of half as much again with a considerable 
saving in weight. 

The standard of writing is, on the whole, good, and 
most of the articles are admirably concise, yet succeed in 
adequately conveying their intelligence. This is not always 
the case, however, as is inevitable in such a polyglot 
collection. One article in particular illustrates this. 
“ Missile Telemeter uses Chopper Amplifier” by John H. 
Porter gives block diagrams only of the system, and also 
the very good results obtained, but the reader is left guess- 
ing as to the circuits used. The one circuit shown is 
captioned “ D.C. Amplifier,” whereas it is strictly a single 
A.C. coupled stage of a complete chopper type amplifier. 
The most informative and interesting part, the chopper 
itself, is nowhere in evidence, yet the next two articles are 
particularly good for circuit diagrams and photographs of 
waveforms. 

One further minor criticism is that a few of the circuit 
diagrams have been cramped up and are, in consequence, 
somewhat difficult to follow. 


Summing up then, this book is a well presented and 
orderly collection of present day techniques which any 
circuit designer might browse through when he is short of 
an idea and is seeking inspiration—for it might easily be 


Applied Hydrodynamics. H. R. Vallentine. Butterworths 
1959. 272 pp. Diagrams. 50s. To be reviewed. 
Argus Symposium. Five Papers on astrophysics in 
connection with American Rocket Programme. 

National Academy of Sciences. 
Ballistik. R. E. Kutterer. Vieweg, Brunswick. 1959. 

304 pp. Illustrated. DM38. To be reviewed. 
Cadmium—a Materials Survey. R.L. Mentch and A. M. 
Lansche. U.S.G.P.O. (H.M.S.O.) 1958. 43 pp. Biblio- 
graphy. 2s. 8d. A United States Bureau of Mines 
Information Circular (No. 7881) prepared “to provide 
comprehensive fundamental data on strategic and 
critical materials required for military and essential 
civilian consumption”. 
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found! As such, it is a useful addition to any well stocked 
engineering library.—D. MATTHEWS. 


THE FIRST FIVE MILLION MILES. Byron Moore. Har- 
per, New York, 1955. 276 pp. Illustrated. 3-75 dollars. 

Byron Moore, senior pilot of the American Airlines 
System, has written a book which is a mixture of personal 
reminiscence and factual description of the way airlines 
were run in the old days, how they were improved by the 
stimulus of bitter experience, and how they are run today. 
The result is highly readable—to technician and layman. 

. when you come to the fork in the road, get over 
on the left side to miss that silo; after you cross the rail- 
road tracks, pull up into the side, count thirty, then let 
down—that way you'll miss the high-tension line; when 
the highway angles left, take the fourth dirt road and 
follow it to the ravine—just across the ravine is the air- 
port.” 

That was how Byron Moore and his colleagues navi- 
gated homeward in the days of aviation infancy, where 
this book begins. This pioneer pilot has traced the evolu- 
tion of commercial aviation from the days when helmeted 
and goggled individualists hedgehopped across the country- 
side in unreliable open-cockpit aeroplanes to present day 
troposphere flight with cocktail bar and radio and radar 
navigation. 

Few outside the profession know of the colourful 
personalities, the genius and heroics over the years that 
have made the modern efficient airline what it is: the 
early airmail routes flown in all weathers; the test pilots 
who refused to take the boffin’s word. 

There is also a comprehensive account of what goes on 
behind the scenes today; the intricate systems of com- 
munication by radar, radio and telephone; what happens 
when you want to make a reservation; how the weather 
bureau helps the airlines; the huge scale on which aircraft 
maintenance is organised; how air crew are trained; what 
makes a good stewardess; and what may come next in 
the shape of new aircraft, safety, comfort and speeds. 
The author indicates that almost anything is possible in 
this most fantastic of industries where today’s innovations 
become obsolete overnight. 

Byron Moore’s own career is in a sense the story of 
American civil aviation. He was barnstormer, mail pilot, 
test pilot, Air Transport Command pilot during the Second 
World War and now is senior pilot for American Airlines. 

Through his lively recording of experiences and en- 
counters with aeroplanes and personalities along the way, 
the reader can share with him the amazing history of air 
transport in the United States of America.—o. P. JONES. 


Factors in Air Transport Economics. N. E. Rowe. 
Fourth Chadwick Memorial Lecture. 23 pp. 

Foundations of air power. U.S.A.F.R.O.T.C. U.S.G.P.O. 
1958. 324 pp. Illustrated. 27s. A_ publication 
developed for use in the educational programme of 
the Air Force Reserve Officer Training Corps. In 
two parts (i) Elements and Potentials of Air Power (ii) 
Air Vehicles and Principles of Flight. The latter goes 
as far as satellites, 

Guide to the Literature of Mathematics and Physics 
(Including Related Works on Engineering Science). 
N. G. Parke III. 2nd Revised Edition, 1958. Dover, 
New York; Constable, London. 436 pp. 20s. An 
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extraordinary book which not only lists the more im- 

portant books on the subjects given in the title but also 

tells how to find them. More than 5,500 works are 
listed under 120 headings. Author and Subject Indexes 
are provided. 

Handbook of Automation, Computation, and Control. 
Volume I: Control Fundamentals. Eugene M. Grabbe 
et al. (Editors). Chapman and Hall, London, 1958. 
Illustrated. 136s. To be reviewed. 

He flew by my side. Erwin Morzfeld. Macdonald, 
London, 1959. 336 pp. 16s. To be reviewed. 

H.T.P. Aircraft Handling and Servicing. Saunders-Roe 
Ltd. 1959. 19 pp. 

Hypersonic Flow Theory. W. D. Hayes and R. F. 
Probstein. Academic Press, New York, 1959. 464 pp. 
Illustrated. 11.50 dollars. To be reviewed. 

Hyperstatic Structures. Volume I. An Introduction to 
the Theory of Statically Indeterminate Structures. 
J. A. L. Matheson. Butterworths, London, 1959. 474 
pp. Illustrated. 90s. To be reviewed. 

Introduction to the Theory of Compressible Flow. Shih- 
I-Pai. D. Van Nostrand, London, 1959. 385 pp. 73s 
6d. To be reviewed. 

Lessons from the History of Flight. Grover Loening. 
Typescript. 29 pp. The text of the first Lester D. 
Gardner Lecture (1959) given at M.LT. 

Medical Aspects of Flight Safety (The unexplained 
accident). E. Evrard et al (Editors). Agardograph 30. 
Pergamon, London, 1959. 308 pp. Illustrated. 80s. 
To be reviewed. 

Metal Fatigue. G. Sines and J. L. Waisman (Editors). 
McGraw Hill, London, i959. 415 pp. Illustrated. 
97s. To be reviewed. 

Methods of Boundary-Layer Control for Postponing and 
Alleviating Buffeting and other Effects of Shock-Induced 
Separation. H. H. Pearcey and C. M. Stuart. Inst. 
Aero. Sc. 1959 83 pp. Illustrated. Bibliography. 
1.50 dollars (members) and 3 dollars. A paper read 
at the I.A.S. National Summer Meeting and reproduced 
as a Sherman M. Fairchild Paper FF-22. N.P.L. 
Research described by two of its officers. 

Ministry of Transport and Civil Aviation, The. Sir 
Gilmour Jenkins. Allen and Unwin, London, 1959. 
231 pp. 21s. The seventh in the new Whitehall Series, 
the purpose of which is to provide authoritative 
descriptions of the present work of the major depart- 
ments of the Central Governinent. This one is of 
special interest because it relates to one of the two 
Government Departments most concerned with the 
difficult problem of the relationship between the State 
and the nationalised industries—the British Transport 
Commission and the two airways Corporations. 

New Frontier, The. K. G. Williams. Heinemann, 
London, 1959. 161 pp. Diagrams. 2ls. To be 
reviewed. 

Opening Tomorrow’s Airways: Danish Aviation from 
Ellehammer to S.A.S. Royal Danish Ministry for 
Foreign Affairs, 1956. 44 pp. Illustrated. Issued to 
celebrate the 50th anniversary of Ellehammer’s first 
flight. Includes a review of modern Danish civil 
aviation. 

Range of Application of Shrouded Propellers. H. B. 
Helmbold. Fairchild Aircraft, 1955. 13 pp. No price. 
“To establish in terms of aerodynamic properties of the 
shroud the requirements resulting from different tasks 
and to explore the possibility of producing the required 
aerodynamic properties”. 

Some Notes on Man-Powered Aircraft. A. B. Knight. 
Typescript. 

Squadron Histories, R.F.C., R.N.A.S., R.A.F. Peter 
Lewis. Putnam, 1959. 208 pp. Illustrated. 30s. To 
be reviewed. 

Tables of Bessel Functions. E. A. Chistova. Pergamon, 
London. 523 pp. 100s. With the subtitle “of the true 
argument and of integrals derived from them” these 

tables were prepared by a member of the Computing 


Centre of the U.S.S.R. Academy of Sciences. Calcula- 

tions are given to seven places of decimals. 

Textbook of Physics. R. Kronig (Editor). Pergamon, 
London, 1959. 961 pp. Illustrated. 84s. The first 
edition was reviewed in the JourRNAL for October 1954 
(p. 732) as “the first English edition of a Dutch text- 
book which ran to three editions between 1946 and 
1951”. In this second edition the text has been ampli- 
fied in a number of places. Thus in the chapter on 
Atomic Structure some new experiniental techniques, 
such as the bubble chamber and microwave spectro- 
scopy, have been mentioned, while the sections on 
nuclear physics have been suitably extended. In the 
chapter on Electrical Instruments various novel pro- 
cedures of measurement are discussed. The section 
on Medical Physics has been revised with a view to 
recent developments in this rapidly growing field. 

Thermodynamics. G. J. Van Wylen. Chapman and Hall, 
London, 1959. 567 pp. Diagrams. 64s. To be 
reviewed. 

Van Nostrand’s Dictionary of Guided Missiles and Space 
Flight. G. Merrill (Editor). Van Nostrand. London, 
1959. 688 pp. Illustrated. 131s. 6d. To be reviewed. 

Vistas in Astronautics Volume II. M. Alperin and H. F. 
Gregory (Editors). Pergamon, London. 318 pp. 
Illustrated. 5 gns. A record of the Second Annual 
Astronautics Symposium, sponsored by the U.S. Office 
of Scientific Research and the Institute of the Aero- 
nautical Sciences, and held in Denver, in April, 1958. 
There are 25 technical papers, with discussions, grouped 
into five parts: Space Environment and Vacuum Re- 
search; Control and Propulsion of Vehicles Outside 
the Atmosphere; Panel Discussion on the purposes of 
manned space operations; Departure, Space Navigation 
and Re-Entry Problems; the Earth’s Moon. 

World’s Fighting Planes. W. Green and G. Pollinger. 

3rd revised edition. Macdonald, London, 1959. 240 

pp. Illustrated. 15s. A new edition of a well-known 

team’s well-known data book. In nearly every case the 
machine is covered by a _ photograph, three-view 
drawings, a short history and its specification. 


1LA.S. Reports presented at the National Summer Meeting 

Los Angeles (16th-19th June 1959). 

Report 

59-85 The analysis of redundant structures by the use of 
high-speed digital computers. W. J. Crichlow 
and G. W. Haggenmacher. 

59-86  Ajircraft load and temperature design criteria through 
cape and random processes. J. E. Martin 
et ai. 

59-87 Stability of flat, simply supported, corrugated core 
sandwich plates under combined longitudinal 
compression and bending, transverse compression 
and bending, and shear. L. A. Harris and R. R. 
Auelmann. 

59-88 Analysis of low-aspect-ratio aircraft structures. C. H. 
Samson and H. W. Bergmann. 

59-89 The structural design of maximum-area astronautical 
vehicles. G. A. Hoffman. 

59-90 Analytical and numerical studies of three-dimensional 
trajectories to the moon. A. B. Mickelwait and 
R. C. Booton. 

59-91 Space navigation and exploration by grovity difference 
detection. J. J. Carroll and P. H. Savet. 

59-92 Satellite recovery techniques for optimization of touch- 
down accuracy. D. L. Rosamond. 

59-93 Terminal guidance system for satellite rendezvous. 
W. H. Clohessy and R. S. Wiltshire. 

59-94 Performance of nuclear rocket for large-payload, 
earth-satellite booster. E. W. Sams. 

59-95 Thermodynamic properties of ionized gases, S$. W. 
Benson ef al. 

59-96 The central problem of large scale power generation 
in space-waste heat disposal. P. M. Diamond. 

59-97 Configuration selection of re-entry vehicles. J. H. 
Quillinan ef al. 

59-98 Piloted entries into the earth’s atmosphere. J. M. 

Eggleston and D. C. Cheatham. 
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59-99 Electrical primary flight control systems. F. G. Keyt. 


59-100 An adaptive system for control of the dynamic per- 


formance of aircraft and spacecraft. H. P. 
Whitaker. 
59-101 Withdrawn. 


59-102 RADFAC-—a radiating facility for flight line testing of 
Want 


airborne electronic equipment. B. 

59-103 Design of ion rockets and test facilities. J. H. Childs. 

59-104 Powerplant heat cycles for space vehicles. D. B. 
Mackay. 

59-105 The recombination problem in a jet exhaust nozzle. 
W. G. Browne. 

59-106 Correlation between the sound power spectrum of a 
free jet and its aerodynamic characteristics. R. 
Lee and J. Wenzelberger. 

59-107 Wind tunnel tests of shrouded propellers and their 
application. R. K. Watson and V. O. Hoehne. 

59-108 A survey of the analysis and design problems of 
integral propellant tanks. I. Rattinger and R. H. 
Gallagher. 

59-109 An approach to the practical design of reliable, light 
weight, high strength pressure vessels. E. 
Kinnaman et al. 

59-110 The strain analysis of solid propellant rocket grains. 
M. L. Williams. 

59-111 Selection of materials for hypersonic leading edge 
applications. F. M. Anthony and H. A. Pearl. 

59-112 A study of hypersonic wings and controls. S. M. 

Bogdonoff and I. E. Vas. 


AERODYNAMICS 


BOUNDARY LayeR—see also THERMO-AERODYNAMICS 
TESTING AND INSTRUMENTS 


Heat transfer in the turbulent incompressible boundary layer. 

1l—Step wall-temperature distribution. . C. Reynolds et al. 

Memo 12-2-58W. T.1.L. 6333. Dec, 1958.—(1.1.3.1 x 

Heat transfer in the turbulent incompressible boundary layer. 

11l—Arbitrary wall temperature and heat flux. W.C. Reynolds 

Memo 12-13-58W. T.I.L. 6334. Dec. 1958.— 
1.3.1 1.9.1). 


Some instabilities arising from the interactions between shock 
waves and boundary layers. N. C. Lambourne. AGARD 
Report 182. April 1958.—(1.1.4.2 x 1.2.1.2 x 1.3.4). 


COMPRESSIBLE FLOW—see also BOUNDARY LAYER 
THERMO- AERODYNAMICS 
WINGS AND AEROFOILS 
TESTING AND INSTRUMENTS 
HyYDRODYNAMICS 


Theoretical analysis of total-pressure loss and airflow distribu- 
tion for tubular turbojet combustors with constant annulus and 
liner cross-sectional areas. C.C. Graves and J. §. Grobman. 
N.A.C.A, Report 1373. 1958.—(1.2.0.1 X 27.1 x 27.4). 


The similarity rules for second-order subsonic and pageants 
flow. M. D. Van Dyke. N.A.C.A, Report 1374, 1958.— 
(1.2.0.1). 
Investigation of the drag of various axially symmetric nose 
shapes of fineness ratio 3 for Mach numbers from 1.24 to 7.4. 
E. W. Perkins et al. N.A.C.A. Report 1386. 1958. 
Experimental drag measurements at zero angle of attack for 
various theoretical minimum drag nose shapes are given. The 
results of experimental pressure-distribution measurements are 
used for the development of an empirical expression for pre- 
dicting the pressure drag of hemispherically blunted cones.— 
(1.2.3). 
CONTROLS—see BOUNDARY LAYER 

WINGS AND AEROFOILS 


INTERNAL FLOW—see also THERMO-AERODYNAMICS 
MATHEMATICS 
POWER PLANTS 
The effect of axial spacing on the surge characteristics of two 
mismatched axial compressor stages. 
1959.—(1.5.2.1). 


R. C. Turner. C.P. 431. 
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59-113 High-altitude hypervelocity flow over swept blunt 
glider wings. M. O. Creager. 
59-114 Blunt nose and real fluid effects in hypersonic aero- 


dynamics. A. F. Burke. 
59-115 The aerodynamics of the supersonic boom. H. W. 
arlson. 


59-116 Design of efficient, self-trimming. wing mean surfaces 
for conventional supersonic aircraft. J. 
Kulakowski ef al. 

59-117 Theoretical and experimental investigation of second- 
order supersonic wing-body interference. M. 
Landahl et al. ; 

59-118 Power for the long range supersonic airliner. R. R. 
Jamison. 

§9-119 The case for the supersonic transport. H. Hibbard and 
R. A. Bailey. 

59-120 Soviet education in aeronautics. L. Trilling. 

§9-121 Ground proximity: a critical review. G. B. Matthews 
and J. L. Wosser. 

59-122 Design philosophy and test experiences of a VTOL 
aircraft. B. J. Uberti and J. B. Reichert. 

§9-123 Lifting systems for VTOL vehicles. S. Rethorst and 
W. W. Royce. 

59-124 ne and flight test of a ballistic missile-adaptive 
flight control system. O. B. Gates and O. C. 
Kaste. = 

59-125 The hypersonic aerodynamics of slender and lifting 
configurations. F. K. Moore and H. K. Cheng. 

59-126 Rocket powered capsule for aero-medical research and 

space crew indoctrination. N. V. Petersen. 


Effect of cascade parameters on rotating stall. A. H. Stenning 
et al. N.AS.A. Memo 3-16-59W. T.1.L. 6335. April 1959.— 
(1.5.4.1 X 1.5.4.2 X 27.1). 


Singularitétentheorie der Fliigelgitter. L. Meyer. Inst. fiir 
Aero., Zurich Mitt. 26. (In German).—(1.5.4.1). 


Loaps—-see also STABILITY AND CONTROL 
WINGS AND AEROFOILS 


The response of an airplane to random atmospheric disturban- 
ces. F. W. Diederich. N.A.C.A. Report 1345. 1958 (Super- 
sedes N.AC.A. T.N. 3910). 

The statistical approach to the gust-load problem is extended 
by including the effect of lateral variation of the instantaneous 
gust intensity on the aerodynamic forces. The forces obtained 
are used in dynamic analyses of rigid and flexible aeroplanes 
free to move vertically, in pitch, and in roll. The effect of the 
interaction of longitudinal, vertical, and lateral gusts on the 
wing stresses is also considered.—(1.6.3. x 33.1.2 x 1.8.0.1). 


Approximate calculation of the pressure distribution on a rect- 
angular wing oscillating in incompressible flow. E. D. 
Poppleton and G. S. Ram. U.T.1.A. Report 56. Sept. 1958.- 
(1.6.3 x 1.10.1.2 x 2). 


STABILITY AND CONTROL—see also LOADS 
AEROELASTICITY 
TESTING 


Ground simulator studies of a nonlinear linkage in a power 
control system. A. Assadourian. A. Memo 2-15-591 
TAL. 6331. April 1959.—{1.8.1.2). 


Some static, oscillatory, and free-body tests of blunt bodies at 
low subsonic speeds. J. H. Lichtenstein et al. N.A.S.A. Memo 
2-22-59L. T.ILL. 6347. April 1959.—(1.8.0.2). 


Low-speed static stability and control characteristics of a model 
of a right triangular pyramid re-entry configuration. J. W. 
Paulson. N.A.S.A. Memo 4-11-59L. T.1.L. 6348. April 1959. 
—(1.8.0.2). 


Wind tunnel investigation at Mach numbers from 0°40 to 1-14 
of the static aerodynamic characteristics of a non-lifting vehicle 
suitable for re-entry. A. O. Pearson. N.A.S.A. Memo 
4-13-59L. TIL. 6360. May 1959. 


The investigation was conducted on a vehicle designed to use 
a heat sink and blunt shape to alleviate the effects of heating 
encountered during re-entry of the earth’s atmosphere. The 
effects of modifying the intersection of the face of the model 
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with the afterbody from a sharp corner to a rounded edge 
were also investigated.—(1.8.2.1). 


Investigation of the response to random wind gusts of a typical 
subsonic fighter aircraft in level flight with Mach number 0-9 
at sea level. K. Flodin and M. Sundstrom. K.T.H. Aero T.N. 
47. 1958. 

Frequency spectra (power spectral densities) and root mean 
square deviations are computed for all velocity components, 
attitude angles, components of displacement, and load factor 
for an aircraft in level flight during normal turbulence condi- 
tions. Calculations have been made on the assumptions that 
the wind disturbance is the same all over the aircraft, and that 
the disturbance has a velocity gradient the spectrum of which 


is that given by Decaulne and Summers.—(1.8.0.1 x 1.6.3. x 22) 


THERMO-AERODYNAMICS—see also BOUNDARY LAYER 


Stagnation-point shielding by melting and vaporization.  L. 
Roberts. N.A.S.A. Report 10. April 1959. 

An approximate theoretical analysis is made of the shielding 
mechanism whereby the rate of heat transfer to the forward 
stagnation point of blunt bodies is reduced by melting and 
vaporisation. General qualitative results are given and a 
numerical example, the melting and vaporisation of ice, 1s 
presented and discussed in detail.—({1.9.1 x 1.1.1.4), 


A study of the motion and aerodynamic heating of ballistic 
missiles entering the earth's atmosphere at high supersonic 
speeds. H.J. Allen and A. J. Eggers. N.A.C.A. Report 1381. 
1958. Supersedes N.A.C.A. T.N. 4047. 

A simplified analysis of the velocity and deceleration history of 
ballistie missiles entering the earth’s atmosphere at high super- 
sonic speeds is presented. The results are used to indicate 
means available to the designer for minimising aerodynamic 
heating. The heating problem considered involves the total 
heat transferred to a missile by convection and the maximum 
average and local time rates of convective heat transfer —(1.9.1). 


Influence of large positive dihedral on heat transfer to leading 
edges of highly swept wings at very high Mach numbers. M. 
Cooper and P. C. Stainback. N.A.S.A. Memo 3-7-59L. T.1.L. 
6332. April 1959.—(1.9.1 x 1.1.0.1.2) 


Combustion of various highly reactive fuels in a 3°84 by 10 inch 
Mach 2 wind tunnel. H. Allen and E. A. Fletcher. N.A.S.A. 
Memo 1-15-59E. T.1.L. 6343. April 1959.—(1.9.3 x 34.1.1). 


Analysis and evaluation of supersonic underwing heat addition. 
R. W. Luidens and R. J. Flaherty. N.A.S.A. Memo 3-17-S9E. 
T.1.L. 6345. April 1959.—{1.9.3 x 1.2.3.1 1.10.1.2). 


Effect of contraction on turbulence and temperature fluctua- 
tions generated by a warm grid. R. R. Mills and S. Corrsin. 
N.A.S.A. Memo 5-5-S9W. T.1.L. 6363. May 1959.—(1.9.3 x 
1.5.1.4). 


Measurements of heat transfer and recovery temperature in 
regions of separated flow at a Mach number of 18. A. 
Thomann. F.F.A. Report 82. 1959.—(1.9.1). 


WINGS AND AEROFOILS see also LOADS 
THERMO-AERODYNAMICS 
AEFROELASTICITY 


Some visual observations of the effects of sweep on the low- 
speed flow over a sharp-edged plate at incidence. N. C. 
Lambourne and P. S. Pusey. R & M 3106. 1959. 

The flow was visualised in a water tunnel both by using air 
bubbles and with small spherical particles of polystrene, while 
information concerning the surface flow on the plates was 
obtained using oil film techniques in a wind tunnel. A few 
observations were also made using a tuft grid in a wind tunnel 

(1.10.2.2 x 1.12 x 4) 


On lift properties and induced drag of wing-fuselage combina- 
tion. A. A. Nikolski. N.A.S.A. R.E. 5§-1-59W R.P.N. 7. 
April 1959.—{1.10.1.2) 


Elliptic cones alone and with wings at supersonic speeds. L. H. 
Jorgensen. N.A.C.A. Report 1376. 1958. Supersedes N.A.C.A 
T.N. 4045. 

The results of an experimental investigation to determine the 
aerodynamic characteristics of elliptic cones alone and in com- 
bination with triangular wings are presented for Mach numbers 
1:97 and 2°94 and a Reynolds number of 810° (based on 
cone length).—(1.10.2.2 x 1.2.3). 
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Low-speed tests of semispan-wing models at angles of attack 
from 0° to 180 D. G. Koenig. N.A.S.A. Memo 2-27-59A. 
T.1.L. 6341. April 1959.—(1.10.2.2 x 1.3.4). 


Theoretical studies of unsteady transonic flow. Part IV. The 
oscillating rectangular wing with control surface. M. T. 
Landahl. F.F.A. Report 80.  1959~1.10.1.2* 1.6.3 x2x 
1.2.2.1 x 1.3). 


Theoretical studies of unsteady transonic flow. Part V. Solu- 
tion for the delta wing and wings of general polygonal plan- 
forms. M. T. Landahl. F.F.A. Report 81. 1959.—(1.10.2 x 


HELICOPTER AERODYNAMICS 


Charts of the induced velocities near a lifting rotor. J, W. 
Jewel and H. H. Heyson. N.A.S.A. Memo 4-15-59L. T.1.L. 
6361. May 1959.—41.11.1 x 33.1). 


TESTING AND INSTRUMENTS see also WINGS AND AEROFOILS 


Pressure measurements in free molecule flow with a rotating 
arm apparatus. E. P. Muntz. U.T.1.A. T.N. 22. May 1958.— 
(1.12.5 x 1.12.3). 


Theory of free-molecule, orifice-type pressure probes in isen- 
tropic and nonisentropic flows. G. N. Patterson. U.T.1.A. 
Report 41 (revised). April 1959. 

The theory of a pressure probe is presented in the form of an 
orifice in the side of a tube which may be orientated in any 
direction relevant to that of the mass motion and which is so 
small compared with the local mean free path, that free- 
molecule flow occurs.—(1.12.5 x 1.2.3.2 x 1.1.0.4). 


Optimized design of systems for measuring low pressures in 
supersonic wind tunnels. J. M. Kendall. A.G.A.R.D. Report 
174. March 1958.—(1.12.5). 


Pressure measurements in an arcedischarge wind tunnel. M. R. 
Mulkey et al. A.G.A.R.D. Report 176. March 1958.—(1.12). 


AEROELASTICITY 


see also AERODYNAMICS——LOADS 
WINGS AND AEROFOILS 


Predicted static aeroelastic effects on wings with supersonic 
leading edges and streamwise tips. S. C. Brown. A.S.A. 
Memo 4-18-59A TAL. 6342. April 1959.2 x 1.8.1.1 x 
1.10.1.2). 


Esquisse des bases theoriques de l'essai de vibration au sol. R. 
Mazet. A.G.A.R.D. Report 184. April 1958. (In French).—(2). 


AIRCRAFT OPERATION 


Atmospheric turbulence encountered by Bristol Freighter 
aircraft in United Kingdom, West Africa and New Zealand. 
J. R. Heath-Smith. C.P. 429. Oct. 1958.—(5 x24). 


Noise survey under static conditions of a turbine-driven tran- 
sonic propeller with an advance ratio of 40. M. C. Kurbjun. 
N.A.S.A. Memo 4-18-59L. T.1.L. 6362. May 1959,—(5.6x 
27.1 X 29.7). 


re aspects of prediction of load rae. o airplanes. 

E. Brénn. A.G.A.R.D. Report 106. May 1957. 
Sicaiaalan of load spectra for aeroplanes hinges on the exist- 
ence, in a Statistical sense, of a regularity in certain features 
of the overall operation of the aeroplane. The most important 
of these features are objective of operation, and mission 
operational pattern.—(5.1). 


FLIGHT TESTING 


Un exemple de la determination des principaux coefficients 
aerodynamiques a partir des essais en vol. G. Leblanc. 
A.G.A.R.D. Report 189. April 1958 

It is intended to show that it is possible to obtain the more 
important aerodynamic coefficients from a limited number of 
simple flight tests, and this enables an assessment to be made 
of the performance and handling qualities of an aircraft at the 
prototype stage. The tests are limited to small movements of 
the aircraft and control surfaces, and the coefficients, being 
assumed to be constant, are functions only of Mach number. 
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An example is discussed of the determination of the aerody- 
namic coefficients of an aircraft with conventional flying 
— ie. separate ailerons, elevators and rudder.—(13.2 x 


Etude sur simulateur des conditions d'approche G.C.A. au 
second regime de vol. M. Bismut and J. Bouttes. A.G.A.R.D. 
Report 199. April 1958. (In French). 

The piloting difficulties encountered in this flight condition 
have been analysed on a simplified flight simulator using an 
analog computer in conjunction with a fixed pilot's cabin. In 
an attempt to improve the behaviour of the aircraft in the 
second flight regime the speed was stabilised by suitable auto- 
matic control applied to the jet thrust.—(13.2 x 1.8.0.1). 


FUELS AND LUBRICANTS 
see POWER PLANTS 


HYDRODYNAMICS 
Viscosimétre balistique. F. Charron. Pubs. Sc. et Tech. 350. 1959. 
(In French).—(17.1). 


MATERIALS 
see also STRUCTURES. 


The mechanism of thermal-gradient mass transfer in the sodium 
oe system. C. E. May. N.A.C.A. Report 1366. 
“ Thermal-gradient mass transfer” was investigated in the 
molten sodium hydroxide-nickel system. Kinetic equations are 
theoretically derived. Possible mechanisms (physical, electro- 
chemical, and chemical) are discussed —(21.2). 


MATHEMATICS 
see also AERODYNAMICS-STABILITY AND CONTROL. 


Representation conforme du polygone circulaire. Application 
a letude de l'ecoulement plan d'un fluide compressible. R. 
Pub. 94. 1959. (In French).—(22.1 x 
.2 1.5.4.1). 


A special method for determining the power spectral densities 
of the solutions of linear differential equations with stochastic 
right member and coefficients consisting of polynomials in the 
independent variable. M. Sundstrom. K.T.H. Aero. T.N. 49. 
1958.—(22.1). 


METEOROLOGY 
see AIRCRAFT OPERATION 


POWER PLANTS 
see also AERODYNAMICS—-COMPRESSIBLE FLOow 
INTERNAL FLOw 
AIRCRAFT OPERATION 
THERMODYNAMICS 


N.A.C.A. research on slurry fuels. M. L. Pinns et al. N.A.C.A. 
Report 1388. 1958. 

Concentrated slurries of elemental magnesium or boron in liquid 
hydrocarbons were prepared and evaluated as fuels for ram-jet 
engines and after-burners of turbo-jet engines. A vaporisation 
process was devised to make very finely divided magnesium. 
The flow behaviour and storage stability of the slurries varied 
on ia concentration and type of additives incerporated.— 

x 


Engine operating conditions that cause thermal-fatigue cracks 
in turbo-jet engine buckets. J. R. Johnston et al. N.A.S.A. 
Memo. 4-7-S9E. TAL. 6344, April 1959. 

A series of engine tests was conducted to establish the failure 
mechanism of leading edge cracking and to determine which 
portions of engine operation cause the failures. The types of 
operation included steady-state operation, rapid cycles of accele- 
ration, and cycles of starting and stopping.—(27.1 x 31.2.5.1.2). 


Analysis of flow-system starting dynamics of turbopump-fed 
liquid-propellant rocket. R.P. Krebs and C. E. Hart. N.A.S.A. 
emo 4-21-S9E. 6346. April 1959.—(27.3). 


Untersuchungen iiber die Umlenkung eines freien Luftstrahls 
mit Hilfe von Drall. K. Iserland. Inst. fiir Aero, Zurich. 
Mitt 25. (In German).—(27.1 X 1.5). 


PROPELLERS 
see AIRCRAFT OPERATION 


FATIGUE 
see also Power PLANTS 
STRUCTURES 
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Fatigue characteristics of a riveted 24S-T aluminium alloy wing. 
Part IV. Analysis of results. D. G. Ford and A. O. Payne. 
A.R.L. Report §.M.263. Oct. 1958. 

The results of Fatigue tests on ninety P5ID Mustang wings, 
presented in Part III of this report, have been analysed. A 
method has been developed for relating the fatigue strength 
of the structure to that of two critical components in which 
fatigue failure occurs. The fatigue strengths of the structure 
and the critical components have been determined in the form 
of A-M diagrams and the statistical distribution of fatigue life 
has been defined for each.—(31.2.4.2). 


Resistance a la fatigue d'un collage metal—metal a simple re- 
couvrement. L. Locati. AGARD Report 180. April 1958. 
(In French). 

The behaviour of glued steel sheets under alternating stress is 
considered and the results of fatigue tests carried out on Redux 
glued joints are given. The test pieces, which included untreated 
and aged joints, were subjected to alternating and intermittent 
stress. The occurrence of fatigue rupture in metal-metal glued 
joints is discussed, as well as the effect on fatigue strength of 
the various ageing treatments used for some of the test pieces. 
The fatigue strength values for glued joints are compared with 
those for riveted joints.—(31.2.3.2.4). 


Les interactions verre-résine dans les stratifiés décelées par les 
essais de fatigue en flexion alternée. A. Kh. lablokoff. 
O.N.E.R.A. N.T. 53. 1959. (In French).—31.2.2.9). 


SCIENCE—GENERAL 


Interactions between ground-state nitrogen atoms and molecules. 
J. T. Vanderslice et al. N.AS.A. Memo. 4-13-59W. T.LL. 
6336. April 1959. 

All calculations have been based as nearly as possible on ex- 
perimental data, including spectroscopically determined vibra- 
tional energy levels, scattering cross sections of atomic beams 
in gases, and measured vibrational relaxation times. In cases 
where experimental data were not available, approximate 
quantum-mechanical calculations have been made.—{32 x 34.1). 


STRUCTURES 

The problem of structural safety with particular reference to 
safety requirements. H. Ebner. AGARD Report 150. Nov. 
1957. 

The main topic is the historical development of the safety con- 
cept in aircraft design. The methods by which the prescribed 
degrees of safety in various national regulations have been 
arrived at are discussed and comparisons are made between the 
safety factors laid down in American, British, French and 
German airworthiness regulations. Other subjects dealt with 
are the relatively new statistical concept of safety, gust loads, 
fatigue, and cumulative damage in fatigue.—{33 x 21 x 31). 


Loaps—see AERODYNAMICS—LOADS 
HELICOPTER AERODYNAMICS 


THEORY AND ANALYSIS 


Una soluzione esatta per piastre rettangolari libere caricate 
lateralmente. L. Broglio. Mono. Sc. di Aero. Nr. 4. Dec. 
1958. Italian).—(33.2.4.5.3). 


THERMODYNAMICS 


see also AERODYNAMICS—THERMO- AERODYNAMICS 
ScIENCE—GENERAL 


Thermodynamic charts for the combustion products of nitric 
acid and kerosene. W.H. Williams. R & M 2982. 1959.—(34. 
1.1.). 


Theoretical combustion performance of several high-energy 
fuels for ramjet engines. L. K. Tower et al. N.A.C.A. Report 
1362. 1958. 

The theoretical ram-jet combustion temperatures and impulse 
performances of diborane, pentaborane, carbon, hydrogen, «- 
methylnaphthalene, and octene-1 and slurries of boron, 
aluminium, and magnesium in octene-1 are presented.—(34.1.1. 
27.4). 


Heat transfer from a horizontal cylinder rotating in oil. R. A. 
Seban and H. A. Johnson. N.A.S.A. Memo 4-22-59W. T.1.L. 
6337. April 1959.—(34.3). 


Etude d'une méthode de mesure des températures utilisant la 
sensibilité thermique des couleurs de flourescence. P. Thureau. 
Pubs. Sc. et Tech. 349. 1959. (in French).—(34.2). 
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event of supply failure in either source. 


From the safety aspect, this method of tailplane 

operation from separate sources is eminently suitable 

for a single-engined aeroplane where duplication of 
hydraulic supply is difficult to arrange. 


In its present installation the unit actuates the moving 
tailplane hydraulically, coincident with mechanical elevator 
operation in a set angular displacement ratio. The electric 
drive is used for trimming, and being independent of the 
mechanical linkage, permits longitudinal control by the clevator 


in the event of hydraulic failure. 


The unit is one of many piston and screw jack type controls 
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